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57) ABSTRACT 

A pair of polarizing plates are disposed on two sides of a 
TN-type liquid crystal cell constituted by a liquid crystal 
twist-aligned at a twist angle of 80° to 120. A retardation 
plate is disposed between one of the polarizing plates and the 
liquid crystal cell in such a manner that the optical axis of 
the retardation plate crosses the transmission axis of the 
adjacent polarizing plate at 45. The pair of polarizing plates 
are arranged such that their transmission axes are parallel to 
each other. The liquid crystal cell is arranged such that the 
optical axis of the retardation plate crosses the aligning 
direction of the liquid crystal molecules on the substrate side 
adjacent to the retardation plate at 45. A liquid crystal 
driving circuit is connected to the liquid crystal. This circuit 
serves to change the voltage applied to the liquid crystal to 
change the polarized state of light transmitted through the 
liquid crystal so as to change the color of emerging light. 

28 Claims, 31 Drawing Sheets 
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1. 

COLOR LIQUID CRYSTAL DISPLAY 
APPARATUS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a color liquid crystal 
display apparatus for performing a color display operation 
using the birefringence characteristics of a twisted-nematic 
liquid crystal. 

2. Description of the Related Art 
As a conventional display apparatus for a television set, a 

personal computer, an electronic portable calculator, or the 
like, a liquid crystal display apparatus is well known. 
Recently, color liquid crystal display apparatuses capable of 
performing a chromatic display, such as a liquid crystal color 
television set and the color display of a computer terminal, 
have been widely used. 
As a color liquid crystal display apparatus, a transmission 

type color liquid crystal display apparatus is generally used. 
In this apparatus, a liquid crystal cell is sandwiched between 
a pair of polarizing plates, and a back light (illumination 
source) is disposed outside one of the polarizing plates. In 
this case, the liquid crystal cell is formed as follows. A pair 
of transparent substrates are disposed to oppose each other. 
Transparent electrodes are respectively formed on the 
opposing surfaces of the transparent substrates. A liquid 
crystal is then sealed between the transparent substrates. 
Color filters for selectively transmitting light components 
having specific wavelengths are disposed on one of the 
transparent substrates. 
By ON/OFF-controlling the driving voltage applied 

between the pair of transparent substrates, the emergence of 
light from the back light is controlled. Bight from the back 
light is selectively transmitted through each color filter in the 
liquid crystal display apparatus in the process of passing 
therethrough. As a result, the transmitted light has a specific 
color. With the colored light transmitted through each color 
filter, a color display is performed. 
A color filter, however, generally has a low transmittance. 

For this reason, in a color liquid crystal display apparatus 
using the above-mentioned color filters, the loss of trans 
mitted light is large, resulting in a dark display. Especially, 
in a reflection type liquid crystal display apparatus widely 
used as the display portion of an electronic portable calcu 
lator or a portable device such as a wristwatch, no special 
light source is arranged, and light is transmitted through 
each color filter twice before and after reflection and under 
goes optical loss. Therefore, the resultant display becomes 
dark. That is, it is very difficult to perform a color display 
operation by using color filters. 

In addition, a color filter demands high precision in 
dimensions, e.g., thickness, and in assembly, similar to other 
optical elements such as a polarizing plate, resulting in an 
increase in cost of the liquid crystal display apparatus. 

Furthermore, in a color liquid crystal display apparatus 
using color filters, since one pixel can display only a color 
corresponding to the color of a color filter arranged for this 
pixel, the structure of the color liquid crystal display appa 
ratus is complicated with an increase in the number of 
pixels. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a color 
liquid crystal display apparatus which performs coloring of 
transmitted light without using any color filter, can suffi 
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2 
ciently increase the brightness of a display by increasing the 
transmittance, and can display a plurality of colors with one 
pixel. 

In order to achieve the above object, according to the 
present invention, there is provided a color liquid crystal 
display apparatus comprising a pair of substrates having 
opposing surfaces on which electrodes are respectively 
formed with aligning films being formed to cover the 
electrodes, the aligning films having undergone aligning 
treatment in predetermined directions, a liquid crystal layer 
disposed between the pair of substrates and having liquid 
crystal molecules aligned to be twisted at a twist angle of 80 
to 120° from one substrate to the other substrate, a pair of 
polarizing plates disposed outside the pair of substrates to 
sandwich the substrates and respectively having transmis 
sion axes for linearly polarizing incident light, a retardation 
plate disposed between the pair of polarizing plates such that 
an angle defined by an optical axis of the retardation plate, 
along which a refractive index is the maximum in a planar 
direction of the retardation plate, and the transmission axis 
of an adjacent one of the polarizing plates becomes 45°-5°, 
and voltage application means, connected to the electrodes, 
for changing a voltage applied to the liquid crystal layer to 
change a polarized state of light transmitted through the 
liquid crystal layer so as to change a color of light trans 
mitted through the polarizing plate on an exit side. 

According to the color liquid crystal display apparatus 
having the above-described arrangement, when light is 
transmitted through the incident-side polarizing plate, the 
light becomes linearly polarized light. When this linearly 
polarized light is transmitted through the retardation plate, 
light components having different wavelengths (to be 
referred to as wavelength components hereinafter) become 
elliptically polarized light components in different states. Of 
the elliptically polarized wavelength components, wave 
length components having larger light components along the 
transmission axis of the exit-side polarizing plate (to be 
referred to as transmission axis components hereinafter) are 
transmitted through the polarizing plate more in amount than 
wavelength components having smaller transmission axis 
components. Therefore, the emerging light which is trans 
mitted through the exit-side polarizing plate exhibits the 
color of a wavelength component whose component ratio is 
high. In this case, since the elliptically polarized light 
components of the different wavelengths change their ellip 
tically polarized states in accordance with the aligned state 
of the molecules of the liquid crystal, the color of emerging 
light can be changed by changing the aligned state of the 
liquid crystal molecules. 

In the above-described color liquid crystal display appa 
ratus, two retardation plates may be arranged. In this case, 
the two retardation plates may be disposed on one side of the 
liquid crystal cell formed by sealing a liquid crystal between 
a pair of substrates, or may be respectively disposed on the 
two sides of the liquid crystal cell. A reflection plate may be 
provided for the color liquid crystal display apparatus to use 
the apparatus as a reflection type liquid crystal display 
apparatus. In this case, two retardation plates may also be 
disposed on one side of the liquid crystal cell or may be 
respectively disposed on the two sides thereof. 

In addition, in the above-described color liquid crystal 
display apparatus, another polarizing plate may be disposed 
between the retardation plate and the liquid crystal cell, and 
the three polarizing plates are used such that the retardation 
plate and the liquid crystal cell are respectively sandwiched 
between two pairs of polarizing plates. With this structure, 
the liquid crystal cell serves as a shutter means for opening/ 
closing an optical path, thus realizing a clear black display. 
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As a retardation plate used for the above-described color 
liquid crystal display apparatus, a so-called biaxial retarda 
tion plate or a twisted retardation plate may be used. The 
biaxial retardation plate used in the present invention is a 
retardation plate which satisfies nananz where nx is the 
refractive index in the optical axis direction in which the 
refractive index is the maximum, n is the refractive indeX 
in a direction perpendicular to the optical axis direction in 
the planar direction of the retardation plate, and n2 is the 
refractive index in the direction of thickness. With the use of 
this retardation plate, a larger viewing angle can be obtained. 
The twisted retardation plate is a retardation plate in which 
material molecules are aligned to be twisted from one 
surface to the other surface in the same manner as a 
twisted-nematic liquid crystal. With the use of this retarda 
tion plate, an achromatic display can be easily obtained. 
The above-described color liquid crystal display appara 

tus may use segment electrodes formed to have specific 
shapes in accordance with characters or graphic patterns to 
be displayed. The waveform of a driving voltage applied to 
each segment electrode may be formed by selecting a 
driving voltage from a plurality of voltages having differ 
ence magnitudes in accordance with a color selection signal 
and a display signal. 

Furthermore, the above-described color liquid crystal 
display apparatus may be designed as an active matrix type 
color liquid crystal display apparatus of a TFT driving 
scheme, in which a plurality of pixel electrodes are regularly 
arranged on a substrate on one side of a liquid crystal cell, 
and thin-film transistors, each constituted by a Source elec 
trode connected to a pixel electrode, a drain electrode 
connected to a signal line for supplying a display signal, and 
a gate electrode connected to a scanning line for Supplying 
a scanning signal, are respectively arranged, as Switching 
elements, for the pixel electrodes. 

According to the present invention, there is provided 
another color liquid crystal display apparatus comprising a 
pair of substrates having opposing surfaces on which elec 
trodes are respectively formed with aligning films being 
formed to cover the electrodes, the aligning films having 
undergone aligning treatment in predetermined directions, a 
liquid crystal layer formed between the pair of substrates 
and having liquid crystal molecules aligned to be twisted at 
a twist angle of 80° to 120° from one substrate to the other 
substrate, a polarizing plate disposed outside one of the pair 
of substrates and having a transmission axis for linearly 
polarizing incident light, a reflection plate disposed on an 
opposite side to the polarizing plate with respect to the pair 
of substrates, a retardation plate disposed between the polar 
izing plate and the reflection plate and having an optical axis 
along which a refractive index is the maximum in a planar 
direction of the retardation plate, the retardation plate being 
arranged such that an angle defined by the optical axis and 
a transmission axis of the polarizing plate is 45°+5, and 
voltage application means, connected to the electrodes, for 
changing a voltage applied to the liquid crystal layer to 
change a polarized state of light transmitted through the 
liquid crystal layer so as to change a color of light trans 
mitted through the polarizing plate on an exit side. 
A reflection type color liquid crystal display apparatus 

may be obtained by using one polarizing plate. In this 
apparatus, the polarizing plate serves as both an incident 
side polarizing plate and an exit-side polarizing plate so that 
the same functions and effects as those of the above 
described color liquid crystal display apparatus can be 
obtained. 
Two retardation plates may be arranged in the above 

described reflection type color liquid crystal display appa 
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4 
ratus. In this case, the two plates may be disposed on one 
side or two sides of the liquid crystal cell. 

In addition, in the reflection type color liquid crystal 
display apparatus, another polarizing plate may be disposed 
between the retardation plate and the liquid crystal cell Such 
that the retardation plate or the liquid crystal cell is sand 
wiched between the two polarizing plates. With this struc 
ture, the liquid crystal cell serves as a shutter means for 
opening/closing an optical path, thereby realizing a clear 
black display. 
As a retardation plate used for the reflection type color 

liquid crystal display apparatus, the above-described biaxial 
retardation plate or twisted retardation plate may be used. 
With the use of this biaxial retardation plate, an increase in 
field of angle can be achieved. With the use of the twisted 
retardation plate, an achromatic display can be easily 
obtained. 
The reflection type color liquid crystal display apparatus 

may use segment electrodes. In this case, the waveform of 
a driving voltage applied to each segment electrode may be 
formed by selecting a driving voltage from a plurality of 
voltages having difference magnitudes in accordance with a 
color selection signal and a display signal. 

Furthermore, the above-described reflection type color 
liquid crystal display apparatus may be designed as an active 
matrix type color liquid crystal display apparatus of a TFT 
driving scheme, in which a plurality of pixel electrodes are 
regularly arranged on a substrate on one side of a liquid 
crystal cell, and thin-film transistors, each constituted by a 
source electrode connected to a pixel electrode, a drain 
electrode connected to a signal line for supplying a display 
signal, and a gate electrode connected to a scanning line for 
supplying a scanning signal, are respectively arranged, as 
switching elements, for the pixel electrodes. 

According to the present invention, there is provided still 
another color liquid crystal display apparatus comprising a 
pair of substrates having opposing surfaces on which elec 
trodes are respectively formed with aligning films being 
formed to cover the electrodes, the aligning films having 
undergone aligning treatment in predetermined directions, a 
liquid crystal layer formed between the pair of substrates 
and having liquid crystal molecules aligned to be twisted at 
a twist angle of 80° to 120° from one substrate to the other 
substrate, a polarizing plate arranged outside one of the pair 
of substrates and having a transmission axis for linearly 
polarizing incident light, the polarizing plate being arranged 
such that an angle defined by a direction of an aligning 
treatment performed with respect to the aligning film on the 
adjacent substrate and the transmission axis is 455, a 
reflection plate disposed on an opposite side to the polariz 
ing plate with respect to the pair of substrates, and voltage 
application means, connected to the electrodes, for changing 
a voltage applied to the liquid crystal layer to change a 
polarized state of light transmitted through the liquid crystal 
layer so as to change a color of light transmitted through the 
polarizing plate on an exit side. 

According to this reflection type color liquid crystal 
display apparatus, when linearly polarized light which is 
transmitted through the polarizing plate passes through the 
liquid crystal layer, light components having different wave 
lengths become elliptically polarized light components in 
different states owing to only the birefringence of the liquid 
crystal layer. Of the elliptically polarized light components 
of the respective wavelengths, wavelength components hav 
ing larger transmission axis components with respect to the 
exit-side polarizing plate are transmitted through the polar 
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izing plate more in amount than the remaining wavelength 
components. Therefore, the emerging light which is trans 
mitted through the exit-side polarizing plate exhibits the 
color of a wavelength component whose component ratio is 
high. In this case, since the elliptically polarized light 
components of the different wavelengths change their ellip 
tically polarized states in accordance with the aligned state 
of the molecules of the liquid crystal, the color of emerging 
light can be changed by changing the aligned state of the 
liquid crystal molecules. 

Additional objects and advantages of the invention will be 
set forth in the description which follows, and in part will be 
obvious from the description, or may be learned by practice 
of the invention. The objects and advantages of the invention 
may be realized and obtained by means of the instrumen 
talities and combinations particularly pointed out in the 
appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings, which are incorporated in 
and constitute a part of the specification, illustrate presently 
preferred embodiments of the invention and, together with 
the general description given above and the detailed descrip 
tion of the preferred embodiments given below, serve to 
explain the principles of the invention. 

FIG. 1 is a sectional view showing a color liquid crystal 
display apparatus according to the first embodiment of the 
present invention; 

FIG. 2 is a view for explaining the positions/arrangement 
of the optical axes of the respective optical elements in the 
first embodiment; 
FIG.3 is a view for explaining the positions/arrangement 

of the optical axes of the respective optical elements in a 
modification of the first embodiment; 

FIG. 4 is a sectional view showing a color liquid crystal 
display apparatus according to the second embodiment of 
the present invention; 

FIG. 5 is a view showing the positions/arrangement of the 
optical axes of the respective optical elements in the second 
embodiment; 

FIG. 6 is a view showing an electrode pattern in a color 
liquid crystal display apparatus used for an electronic por 
table calculator as an example of the second embodiment; 
FIG.7 is a view for explaining a display state based on the 

electrode pattern; 
FIG. 8 is a view for explaining another display state based 

on the electrode pattern; 
FIG. 9 is a view for explaining still another display state 

based on the electrode pattern; 
FIG. 10 is a block diagram showing a driving circuit for 

the color liquid crystal display apparatus for the electronic 
portable calculator; 

FIG. 11 is a sectional view showing a color liquid crystal 
display apparatus according to the third embodiment of the 
present invention; 

FIG. 12 is a view for explaining the positions/arrange 
ment of the optical axes of the respective optical elements in 
the third embodiment; 

FIG. 13 is a sectional view showing a color liquid crystal 
display apparatus according to the fourth embodiment of the 
present invention; 

FIG. 14A is a view for explaining the positions/arrange 
ment of the optical axes of the respective optical elements in 
the fourth embodiment, 
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6 
FIG. 14B is a view for explaining the positions/arrange 

ment of the optical axes of the respective optical elements in 
a modification of the fourth embodiment, 

FIG. 15 is a sectional view showing a color liquid crystal 
display apparatus according to the fifth embodiment of the 
present invention; 

FIG. 16 is a view for explaining the positions/arrange 
ment of the optical axes of the respective optical elements in 
the fifth embodiment; 

FIG. 17 is a perspective view for explaining the optical 
axis of a retardation plate used in the fifth embodiment; 

FIG. 18 is a graph showing the relationship between the 
retardation ratio for a retardation at an incident angle of 0 
and the incident angle in the retardation plate used in the 
fifth embodiment and that in a general retardation plate; 

FIG. 19 is a graph showing a change in color difference 
as a function of a visual angle in the color liquid crystal 
display apparatus of the fifth embodiment and that in a 
comparative apparatus using a general retardation plate; 

FIG. 20 is a sectional view showing a color liquid crystal 
display apparatus according to the sixth embodiment of the 
present invention; 

FIG. 21 is a view for explaining the positions/arrange 
ment of the optical axes of the respective optical elements in 
the sixth embodiment; 

FIG. 22 is a CIE chromaticity diagram showing a change 
in display color in the sixth embodiment; 

FIG. 23 is an exploded perspective view showing a color 
liquid crystal display apparatus according to the seventh 
embodiment of the present invention; 

FIG. 24 is a sectional view of the color liquid crystal 
display apparatus according to the seventh embodiment; 

FIGS. 25A, 25B, and 25C are charts respectively showing 
the waveforms of scanning voltages to be applied in units of 
continuous scanning lines in the color liquid crystal display 
apparatus of the seventh embodiment; 

FIG. 26 is a view for explaining the waveform of a signal 
voltage in the seventh embodiment; 

FIGS. 27A, 27B, and 27C are charts each showing a 
voltage applied to each pixel in the seventh embodiment; 

FIG. 28 is a sectional view showing a color liquid crystal 
display apparatus according to the eighth embodiment of the 
present invention; 

FIG. 29 is a view for explaining the positions/arrange 
ment of the optical axes of the respective optical elements in 
the eighth embodiment; 

FIG. 30 is a CIE chromaticity diagram showing a change 
in display color in the eighth embodiment; 
FIG.31 is a sectional view showing a color liquid crystal 

display apparatus according to the ninth embodiment of the 
present invention; 

FIG. 32 is a view for explaining the positions/arrange 
ment of the optical axes of the respective optical elements in 
the ninth embodiment, 
FIG.33 is a sectional view showing a color liquid crystal 

display apparatus according to the tenth embodiment of the 
present invention; 

FIG. 34 is a view for explaining the positions/arrange 
ment of the optical axes of the respective optical elements in 
the tenth embodiment; 

FIG. 35 is a CIE chromaticity diagram showing a change 
in display color in the tenth embodiment; 

FIG. 36 is a sectional view showing a color liquid crystal 
display apparatus according to the eleventh embodiment of 
the present invention; 
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FIG. 37 is a view for explaining the positions/arrange 
ment of the optical axes of the respective optical elements in 
the eleventh embodiment, and 

FIG. 38 is a CIE chromaticity diagram showing a change 
in display color in the eleventh embodiment. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Embodiments of the present invention will be described 
below with reference to FIGS. 1 to 38. 

First Embodiment 

As shown in FIG. 1, a color liquid crystal display appa 
ratus according to the first embodiment of the present 
invention is a reflection type liquid crystal display apparatus, 
which is designed such that a pair of polarizing plates 41 and 
42 are disposed to sandwich a liquid crystal cell 30, while 
one retardation plate 40 is disposed between the liquid 
crystal cell 30 and one polarizing plate (the upper polarizing 
plate shown on the upper side in this embodiment) 41, and 
a reflection plate 43 is disposed on the side (outer side) of the 
polarizing plate 42 opposite to the side which is in contact 
with the liquid crystal cell 30. 
The liquid crystal cell 30 is of a TN type. More specifi 

cally, the liquid crystal cell 30 is formed as follows. A pair 
of upper and lower transparent substrates 31 and 32 respec 
tively having transparent electrodes 33 and 34 formed 
thereon, and aligning films 35 and 36 formed thereon are 
Joined through a frame-like seal member 37. A liquid crystal 
38 is then sealed in the space enclosed with the seal member 
37 between the two substrates 31 and 32. Molecules 38a of 
this liquid crystal 38 are arranged such that they can be 
twisted at a twist angle of about 90° from the lower substrate 
32 side to the upper substrate 31 side. The aligning films 35 
and 36 have undergone aligning treatment in predetermined 
directions, respectively, by a rubbing method or the like. 
Liquid crystal molecules adjacent to the aligning films 35 
and 36 are aligned along the directions of aligning treatment, 
respectively. 
The retardation plate 40 is disposed such that its optical 

axis (phase advance or phase delay axis) which is the long 
axis direction of each material molecule and along which the 
refractive index is the maximum is obliquely shifted from 
the liquid crystal molecule aligning directions on the two 
substrate sides of the liquid crystal cell 30. The pair of 
polarizing plates 41 and 42 are disposed such that their 
transmission axes obliquely cross the optical axis of the 
retardation plate 40 at predetermined angles, respectively. 

FIG. 2 is a plan view showing the liquid crystal molecule 
aligning directions of the liquid crystal cell 30, the optical 
axis of the retardation plate 40, and the transmission axes of 
the pair of polarizing plates 41 and 42 in the liquid crystal 
display apparatus. Note that the illustration of the reflection 
plate 43 is omitted in this plan view and in the subsequent 
similar plan views. Referring to FIG. 2, reference numeral 
31a denotes the liquid crystal molecule aligning direction of 
the liquid crystal cell 30 on the upper substrate side; and 32a, 
the liquid crystal molecule aligning direction of the liquid 
crystal cell 30 on the lower substrate side. 
As shown in FIG. 2, the liquid crystal molecule aligning 

directions 31a and 32a of the liquid crystal cell 30 on the two 
substrate sides are tilted with respect to a reference line 
(horizontal line in FIG. 2) in opposite directions by 45°, 
respectively. With this arrangement, the molecules 38a of 
the liquid crystal 38 of the liquid crystal cell 30 are aligned 
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8 
such that they can be twisted by an angle of about 90° from 
the lower substrate side to the upper substrate side, as 
indicated by an arrow T in FIG. 2. 

In addition, referring to FIG. 2, reference numeral 40a 
denotes an optical axis of the retardation plate 40; 41a, a 
transmission axis of the upper polarizing plate 41; and 42a, 
a transmission axis of the lower polarizing plate 42. 

In this embodiment, the optical axis 4.0a is aligned with 
the reference line O. Therefore, the optical axis 4.0a of the 
retardation plate 40 and the liquid crystal molecule aligning 
direction 31a on the substrate (upper substrate 31) side 
adjacent to the retardation plate cross each other at 45. 

Furthermore, in the embodiment, the transmission axes 
41a and 42a of the polarizing plates 41 and 42 are set to be 
almost parallel to each other, and also obliquely cross the 
optical axis 4.0a of the retardation plate 40 at 45°. 
The above-described color liquid crystal display appara 

tus is designed to be driven by applying a voltage between 
the electrodes 33 and 34 of the two substrates 31 and 32 of 
the liquid crystal cell 30. A display color is obtained by the 
polarizing effect of the retardation plate 40, whereas a 
background color is obtained by the polarizing effects of 
both the retardation plate 40 and the liquid crystal cell 30. 
A coloring effect will be described first. External light 

(natural light or light from an illumination source) is linearly 
polarized by the upper polarizing plate 41 and incident on 
the retardation plate 40 whose optical axis 40a crosses the 
transmission axis 41a of the polarizing plate 41 at 45°. In the 
process of passing through the retardation plate 40, the light 
is polarized in accordance with a retardation value indicating 
the magnitude of the birefringent effect of the retardation 
plate 40 to become elliptically polarized light. In this case, 
wavelength components are set in different elliptically polar 
ized States. 
The elliptically polarized light emerging from the retar 

dation plate 40 is transmitted through the liquid crystal cell 
30. Since the liquid crystal 38 whose liquid crystal mol 
ecules are twist-aligned has birefringence, when the light is 
transmitted through the liquid crystal 38, it is influenced by 
the birefringent effect. As a result, the elliptically polarized 
state of the transmitted light changes. When this elliptically 
polarized light is incident on the lower polarizing plate 42, 
only light components, of the light components having 
various wavelengths in different elliptically polarized states, 
which propagate along the transmission axis 41a are trans 
mitted through the lower polarizing plate 41 to emerge 
therefrom. In this case, since the intensity of the emerging 
light is proportional to the square of a value (transmission 
axis component) obtained by projecting the amplitude of the 
elliptically polarized light component of each wavelength 
component on the transmission axis, the color of the emerg 
ing light is substantially the same as that of a wavelength 
component which has a large transmission axis component 
and whose component ratio with respect to the emerging 
light is high. 
The color changing effect of the liquid crystal cell 30 will 

be described next. In this liquid crystal display apparatus, 
since light which is incident through the upper polarizing 
plate 41 passes through the retardation plate 40 and the 
liquid crystal cell 30, the transmitted light is also influenced 
by the polarizing effect of the liquid crystal 38 of the liquid 
crystal cell 30 in a state wherein no ON voltage is applied 
between the electrodes 33 and 34 of the two substrates 31 
and 32 of the liquid crystal cell 30 (the liquid crystal 
molecules 38a are twist-aligned). 

That is, since the optical axis 40a of the retardation plate 
40 and the liquid crystal molecule aligning direction 31a of 
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the liquid crystal cell 30 on the substrate 31 (upper substrate) 
side adjacent to the retardation plate cross each other at 45, 
the light which is elliptically polarized by the polarizing 
effect of the retardation plate 40 in the process of passing 
therethrough is further set in a different polarized state in the 
process of passing through the liquid crystal layer of the 
liquid crystal cell 30. 

For this reason, while no ON voltage is applied to the 
liquid crystal cell 30, light transmitted through the lower 
polarizing plate 42 has a color different from a light color 
obtained by the polarizing effect of the retardation plate 40. 
This color becomes a background color. Note that the 
background color is determined by a retardation Re of the 
retardation plate 40 and a value And (the product of a 
refractive index anisotropy An and a liquid crystal layer 
thickness d of the liquid crystal 38) of the liquid crystal cell 
30. 

With an increase in voltage applied between the elec 
trodes 33 and 34 of the liquid crystal cell 30, the liquid 
crystal molecules 38a of the liquid crystal cell 30 become 
perpendicular to the surfaces of the substrates 31 and 32, and 
the birefringence is substantially nullified. As a result, the 
polarizing effect of the liquid crystal cell 30 is nullified. 

Although the value And of the liquid crystal cell 30 is the 
product of the refractive index anisotropy An and the liquid 
crystal layer thickness d of the liquid crystal 38, the refrac 
tive index anisotropy An of the liquid crystal 38 decreases as 
the liquid crystal molecules 38a become perpendicular to the 
surfaces of the substrates 31 and 32 upon application of a 
voltage. When the liquid crystal molecules 38a are raised/ 
aligned vertically, the refractive index anisotropy An 
becomes "O'. Therefore, the value And of the liquid crystal 
cell 30 finally becomes “0”. 
When an ON voltage is applied to the liquid crystal cell 

30 to set An=0, the polarizing effect of the liquid crystal 38 
is substantially nullified. For this reason, elliptically polar 
ized light emerging from the retardation plate 40 is directly 
transmitted through the liquid crystal cell 30 and incident on 
the lower polarizing plate 42 without being polarized, and 
the light transmitted through the polarizing plate 42 becomes 
colored light by only the polarizing effect of the retardation 
plate 40. This color becomes a display color. 
The light transmitted through the lower polarizing plate 

42 is reflected by the reflection plate 43 to emerge from the 
upper surface side of the display apparatus in a reverse 
optical path to that described above. As a result, a display 
pattern is displayed with the above-mentioned background 
color and display color. 

According to the above-described liquid crystal display 
apparatus, therefore, a color display can be obtained without 
using any color filter, and a bright color display can be easily 
obtained. 
A light intensity I of a display on the color liquid crystal 

display apparatus is obtained with and without a voltage 
applied to the liquid crystal cell 30. The light intensity (of a 
background color) I obtained when a voltage is applied to 
the liquid crystal cell 30 is given by: 

- - - - 1 in2. 1-4 + ) (; sin 
- 2And 
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10 
where Re is the retardation of the retardation plate, An is the 
refractive index anisotropy of the liquid crystal, d is the 
liquid crystal layer thickness of the liquid crystal cell; and 
is the wavelength. 
The light intensity I of a display color obtained when a 

voltage for setting An=0 is applied to the liquid crystal cell 
30 is given by: 

(2) --- one I = i cost 
The display color of the liquid crystal display apparatus 

becomes a color corresponding to the value of the retarda 
tion Re of the retardation plate 40, and the background color 
becomes a color corresponding to both the retardation Re of 
the retardation plate 40 and the value And of the liquid 
crystal cell 30. The light intensities I given by equations (1) 
and (2) change depending on the wavelength of transmit 
ted light, and exhibit high intensities with respect to specific 
wavelength components. 

Therefore, the retardation Re of the retardation plate 40 
and the value And of the liquid crystal cell 30 may be 
selectively set to values with which the light intensities I 
expressed by equations (1) and (2) become sufficiently large 
values, and colored light having high chromatic purity can 
be obtained. 

Table 1 shows display modes of the liquid crystal display 
apparatus. In the display apparatus in each mode, the value 
And of the liquid crystal cell 30 is set to 400 nm, and the 
value of the retardation Re of the retardation plate 40 is 
changed. In addition, the optical axis 4.0a of the retardation 
plate 40 and the liquid crystal molecule aligning direction 
31a on the substrate (upper substrate) 31 side adjacent to the 
retardation plate cross each other at an angle of 45; the 
transmission axes 41a and 42a of the two polarizing plates 
41 and 42 are parallel to each other; and the transmission 
axes 41a and 42a of the polarizing plates 41 and 42 cross the 
optical axis 4.0a of the retardation plate 40 at an angle of 45. 

TABLE 1. 

Re of 
Retardation Background 

Mode Plate (nm) Display Color Color 

R1 1220 Red Blue 
G1 100 Green Bluish purple 
B1-1 900 Blue Yellow 
B-2 450 Blue Yellow 

And (of liquid crystal cell) = 400 nm. 

In each mode, as the voltage applied to the liquid crystal 
cell 30 is increased, the color of transmitted light variously 
changes from a background color, and finally (when the 
applied voltage becomes the voltage for setting An=0) 
becomes the display color shown in Table 1. 
As shown in Table 1, in the display apparatus in each of 

modes R1, G1, B1-1, and B1-2, the display color and the 
background color are complementary to each other or have 
a color difference close to a relationship of complementary 
colors, thereby obtaining a display of high color contrast. 

In the above embodiment, the pair of polarizing plates 41 
and 42 are disposed such that the transmission axes 41a and 

(1) 
2. It 

sin 1 + u 
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42a are set to be almost parallel to each other. However, as 
shown in FIG. 3, the polarizing plates 41 and 42 may be 
disposed such that the transmission axes 41a and 42a are 
almost perpendicular to each other. With this arrangement, 
the same display as that in the above embodiment can be 5 
obtained. 

In this case, since the transmission axes 41a and 42a of 
the polarizing plates 41 and 42 are perpendicular to each 
other, the light intensity (of the background color) Iobtained 
when no voltage is applied to the liquid crystal cell 30 is 
given by: 

T. sin-- I - 
1 + u2 2 

1 1 2 2. -H ( cos2at 

where Re is the retardation of the retardation plate, An is the 20 
refractive index anisotropy of the liquid crystal, d is the 
liquid crystal layer thickness of the liquid crystal cell, and 
is the wavelength. The light intensity I of the display color 
obtained when a voltage for setting An=0 is applied to the 
liquid crystal cell 30 is given by: 25 

(4) = -- sin - Re I = } sint 
In this embodiment, the display color of the liquid crystal 

display apparatus also becomes a color corresponding to the 
value of the retardation Re of the retardation plate 40, and 
the background color becomes a color corresponding to both 
the retardation Re of the retardation plate 40 and the value 
And of the liquid crystal cell 30. The light intensities I given 
by equations (3) and (4) change depending on the wave 
length of transmitted light, and exhibit high intensities 35 
with respect to specific wavelength components. 

Therefore, the retardation Re of the retardation plate 40 
and the value And of the liquid crystal cell 30 may be 
selectively set to values with which the light intensities I 
expressed by equations (3) and (4) become sufficiently large 
values, and colored light having high chromatic purity can 
be obtained. 

Table 2 shows display modes of the liquid crystal display 
apparatus of this embodiment. In the display apparatus in 
each mode, the value And of the liquid crystal cell 30 is set 
to 400 nm, and the value of the retardation Re of the 
retardation plate 40 is changed. In addition, the optical axis 
40a of the retardation plate 40 and the liquid crystal mol 
ecule aligning direction 31a on the substrate (upper sub 
strate) 31 side adjacent to the retardation plate cross each 
other at an angle of 45°; the transmission axes 41a and 42a 50 
of the two polarizing plates 41 and 42 are perpendicular to 
each other; and the transmission axes 41a and 42a of the 
polarizing plates 41 and 42 cross the optical axis 4.0a of the 
retardation plate 40 by an angle of 45. 

30 

40 

45 

55 
TABLE 2 

Re of 
Retardation Background 

Mode Plate (nm) Display Color Color 
60 

R2 1530 Red Green 
G2 1380 Green Reddishpurple 
B2-1 120 Blue Yellow green 
B2-2 670 Blue Brown 

And (of liquid crystal cell) = 400 mm 
65 

As shown in Table 2, in the display apparatus in each of 
modes R2, G2, B2-1, and B2-2, the display color and the 

Re t . 7t 2 2-- 1. --u )+(sin2. ), sin 
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background color are complementary to each other or have 
a color difference close to a relationship of complementary 
colors, thereby obtaining a display of high color contrast. 

In each embodiment described above, both the angular 
differences between the optical axis 4.0a of the retardation 
plate 40 and the liquid crystal molecule aligning direction 
31a on the substrate (upper substrate) 31 side adjacent to the 
retardation plate and between the transmission axes 41a and 
42a of the polarizing plates 41 and 42 and the optical axis 
4.0a of the retardation plate 40 are set to 45°. However, these 
angular differences are not limited to 45° and may be 

arbitrarily set. However, in order to obtain a satisfactory 
coloring effect with high purity by using the retardation plate 
40, at least the angular difference between the transmission 
axes 41a and 42a of the polarizing plates 41 and 42 and the 
optical axis 4.0a of the retardation plate 40 is preferably set 
to 45°-5°. 

In addition, the retardation plate 40 has two optical axes, 
i.e., a phase advance axis and a phase delay axis, which are 
perpendicular to each other. Either the phase advance axis or 
the phase delay axis may be used as the optical axis 40a 
which crosses the transmission axis 41a of the adjacent 
polarizing plate 41 at 45°. 

Furthermore, in the above embodiment, the retardation 
plate 40 is disposed between the liquid crystal cell 30 and the 
upper polarizing plate 41. However, the retardation plate 40 
may be disposed between the liquid crystal cell 30 and the 
lower polarizing plate 42. The liquid crystal display appa 
ratus of the present invention is not limited to a reflection 
type, and may be designed as a transmission type liquid 
crystal display apparatus using no reflection plate or a liquid 
crystal display apparatus using a semi-transmission/reflec 
tion plate and serving both as a reflection type and a 
transmission type. 

2 (3) 

Second Embodiment 

The second embodiment exemplifies the case wherein 
retardation plates are respectively disposed on the two sides 
of a liquid crystal cell. The same reference numerals in the 
second and subsequent embodiments denote the same parts 
as in the first embodiment, and a description thereof will be 
omitted. 
A color liquid crystal display apparatus of this embodi 

ment is designed as follows. As shown in FIG. 4, a pair of 
upper and lower polarizing plates 41 and 42 are disposed to 
sandwich a liquid crystal cell 30. A first retardation plate 45 
is disposed between the liquid crystal cell 30 and the upper 
polarizing plate 41. A second retardation plate 46 is disposed 
between the liquid crystal cell 30 and the lower polarizing 
plate 42. In addition, a reflection plate 43 is disposed on the 
rear surface (lower surface) of the polarizing plate 42. 

In this case, the liquid crystal cell 30 is of a segment 
display type which is driven in a time-divisional manner. A 
transparent electrode 33 formed on an upper substrate 31 is 
divided into a plurality of common electrodes, whereas a 
transparent electrode 34 formed on a lower substrate 32 is 
divided into a plurality of segment electrodes, each having 
a shape corresponding to a display pattern. 
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Of the two retardation plates 45 and 46, the incident-side 
retardation plate, i.e., the first retardation plate 45 disposed 
between the liquid crystal cell 30 and the polarizing plate 41, 
is arranged such that its optical axis is obliquely shifted from 
the transmission axis of the upper polarizing plate 41 by a 
predetermined angle. The retardation plate on the opposite 
side, i.e., the second retardation plate 46 disposed between 
the liquid crystal cell 30 and the lower polarizing plate 42, 
is arranged such that its optical axis is set in an arbitrary 
direction. 

Referring to FIG. 5, reference numeral 41a denotes a 
transmission axis of the polarizing plate 41; and 45a, an 
optical axis of the first retardation plate 45. In this embodi 
ment, the upper polarizing plate 41 is disposed such that the 
transmission axis 41a is shifted/rotated counterclockwise 
from a reference line (horizontal line in FIG. 5) O by 45°, 
whereas the first retardation plate 45 is disposed such that 
the optical axis 45a is parallel to the reference line O. In 
addition, the angular difference between the optical axis 45a 
of the first retardation plate 45 and the transmission axis 41a 
of the upper polarizing plate 41 is set to be 45°. 

Referring to FIG. 5, reference numeral 46a denotes the 
optical axis of the second retardation plate 46. In this 
embodiment, the second retardation plate 46 is disposed 
such that the optical axis 46a is perpendicular to the refer 
ence line O, and the optical axis 45a of the first retardation 
plate 45 is set to be perpendicular to the optical axis 46a of 
the second retardation plate 46. 

In the above-described color liquid crystal display appa 
ratus, light (natural light or light from an illumination 
source) which is incident from the front surface side is 
reflected by the reflection plate 43 on the rear surface side, 
thereby performing a display. Incident light from the front 
surface side passes through the upperpolarizing plate 41, the 
first retardation plate 45, the liquid crystal cell 30, the second 
retardation plate 46, and the lower polarizing plate 42 and is 
reflected by the reflection plate 43. The reflected light passes 
through the lower polarizing plate 42, the second retardation 
plate 46, the liquid crystal cell 30, the first retardation plate 
45, and the upper polarizing plate 41 again and emerges. 

In this color liquid crystal display apparatus, incident light 
is linearly polarized by the upper polarizing plate 41 and is 
elliptically polarized by the polarizing effect of the first 
retardation plate 45 in the process of passing therethrough. 
The elliptically polarized light is then set in a different 
polarized state owing to the polarizing effect of the liquid 
crystal cell 30 in the process of passing therethrough. 
Furthermore, the light is set in a different polarized state 
owing to the polarizing effect of the second retardation plate 
46 in the process of passing therethrough. 

For this reason, light which is incident on the lower 
polarizing plate 42 through the first retardation plate 45, the 
liquid crystal cell 30, and the second retardation plate 46 is 
constituted by elliptically polarized light components which 
are respectively set in different polarized states in accor 
dance with their wavelengths owing to the polarizing effects 
of the two retardation plates 45 and 46 and the liquid crystal 
cell 30. Of these elliptically polarized light components, 
only transmission axis light components are transmitted 
through the lower polarizing plate 42 to become colored 
light. 
The colored light transmitted through the lowerpolarizing 

plate 42 is reflected by the reflection plate 43 to emerge from 
the upper surface side of the display apparatus in a reverse 
optical path to that described above. As a result, a display 
pattern is displayed with this colored light. 
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In this case, the colored light reflected by the reflection 

plate 43 is constituted by only the transmission axis light 
components, of the elliptically polarized light components 
obtained by the polarizing effects of the retardation plates 45 
and 46 and the liquid crystal cell 30, which are transmitted 
through the lower polarizing plate 42. This reflected colored 
light is transmitted through the second retardation plate 46, 
the liquid crystal cell 30, and the first retardation plate 45 
again. In this process, the light is influenced by the polar 
izing effects again, and the amount of transmission axis 
components, of wavelength components having a low com 
ponent ratio, which can be transmitted through the upper 
polarizing plate 41 becomes smaller. As a result, the colored 
light which is transmitted through the upper polarizing plate 
41 and emerges therefrom becomes light having higher color 
purity than the colored light reflected by the reflection plate 
43. 
As described above, the color liquid crystal display appa 

ratus is designed to produce transmitted colored light with 
out using any color filter, and can sufficiently increase the 
brightness of a display by increasing the transmittance. 

In the conventional color liquid crystal display apparatus, 
since the display color of each of the intersections between 
the electrodes of the liquid crystal cell is determined by the 
color of a color filter disposed at each intersection, only one 
display color can be displayed at each intersection. In 
contrast to this, in the color liquid crystal display apparatus 
of the above embodiment, colored light components are 
obtained by the polarizing effects of the two retardation 
plates 45 and 46 and by the polarizing effects of the 
retardation plates 45 and 46 and the liquid crystal cell 30, 
and the color of light obtained by these polarizing effects 
changes in accordance with a voltage applied to the liquid 
crystal cell 30. 
The display color of this color liquid crystal display 

apparatus is determined by the values of retardations Re1 
and Re2 of the retardation plates 45 and 46, a value And and 
liquid crystal molecule twist angle of the liquid crystal cell 
30, the angular difference between the transmission axis 41a 
of the upper polarizing plate 41 and the optical axis 45a of 
the first retardation plate 45, the direction of the optical axis 
46a of the second retardation plate 46, the angular difference 
between the liquid crystal molecule aligning direction of the 
liquid crystal cell 30 and the optical axis 46a of the second 
retardation plate 46, and the directions of the transmission 
axes 41a and 42a of the upper and lower polarizing plates 41 
and 42. 
As shown in FIG. 5, assume that the angular difference 

between the transmission axis 41a of the upper polarizing 
plate 41 and the optical axis 45a of the first retardation plate 
45 is 45°; the direction of the optical axis 46a of the second 
retardation plate 46 is perpendicular to the optical axis 45a 
of the first retardation plate 45; the liquid crystal molecule 
aligning direction 31a of the liquid crystal cell 30 on the 
upper substrate 31 side is parallel to the transmission axis 
41a of the upperpolarizing plate 41; and the optical axes 41a 
and 42a of the upper and lower polarizing plates 41 and 42 
are perpendicular to each other. In this case, for example, the 
retardations Re1 and Re2 of the first and second retardation 
plates 45 and 46 are set to be 450 nm, and the value And and 
liquid crystal molecule twist angle of the liquid crystal cell 
30 are set to be 1.24 pm and 90°, respectively. When the 
liquid crystal molecules of the liquid crystal cell 30 are in an 
initial twist-aligned state, the display color is "light blue'. 
when the liquid crystal molecules are raised/aligned verti 
cally, the display color becomes "black”. In addition, as the 
liquid crystal molecules are raised/aligned from the initial 
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twist-aligned state, the display color becomes "purple and 
"yellow' with a high light intensity and high color purity. 
The reason why the display color becomes "black' when 

the liquid crystal molecules of the liquid crystal cell 30 are 
raised/aligned vertically is that the retardation Re1 of the 
first retardation plate 45 is equal to the retardation Re2 of the 
second retardation plate 46, while the optical axis 45a of the 
first retardation plate 45 is perpendicular to the optical axis 
46a of the second retardation plate 46, and the transmission 
axes 41a and 42a of the upper and lowerpolarizing plates 41 
and 42 are perpendicular to each other. Without the polar 
izing effect of the liquid crystal cell 30, elliptically polarized 
light emerging from the first retardation plate 45 is restored 
to the original linearly polarized light (the linearly polarized 
light incident on the apparatus through the upper polarizing 
plate 41) by the second retardation plate 46, and all the 
linearly polarized light is absorbed by the lower polarizing 
plate 42. As a result, the display color becomes "black'. 

Table 3 shows the relationship between the voltage 
applied to the liquid crystal cell 30 of the color liquid crystal 
display apparatus and the display color. In Table 3, the value 
of each applied voltage is an RMS voltage value applied 
between the electrodes 33 and 34 of the liquid crystal cell 30. 

TABLE 3 

Applied Voltage Display Color 

W1 0.6 W or less Light blue 
V2 0.84 to 0.92 W Purple 
V3 1.04 to 1.12 V Yellow 
W4. 1.4 V or more Black 

As shown in Table 3, the display color of the above 
described color liquid crystal display apparatus changes in 
accordance with the voltage applied to the liquid crystal cell 
30. According to this color liquid crystal display apparatus, 
therefore, the display color of the same portion, i.e., a 
portion corresponding to the same segment electrode 34, can 
be changed to a plurality of colors by controlling the voltage 
applied between the electrodes 33 and 34 of the liquid 
crystal cell 30. 
A detailed display example of the above-described color 

liquid crystal display apparatus will be described below. 
FIGS. 6 to 10 show a case wherein the color liquid crystal 
display apparatus is applied to a calculator (an electronic 
portable calculator). FIG. 6 shows the shapes of segment 
electrodes 34 formed on one substrate 32 of the liquid crystal 
cell 30. FIGS. 7 to 9 show the display states of the electronic 
portable calculator in operation. FIG. 10 is a block diagram 
showing the circuit arrangement of the calculator. 
The segment electrodes 34 formed on one substrate 32 of 

the liquid crystal cell 30 will be described first. As the 
segment electrodes 34, as shown in FIG. 6, number display 
electrodes a corresponding to eight digits, a '-' (minus) 
display electrode b, and an "E" (error) display electrode c 
are formed. 

This calculator is designed to display numerical values up 
to eight digits, display "-" if the displayed numerical value 
is a negative value, and display 'E' if an error occurs. These 
values and symbols are displayed in different colors, as 
shown in FIGS. 7 to 9. 

In this display example, the voltage applied to the liquid 
crystal cell 30 and the display color have the relationship 
indicated by Table 3. The display color of the region where 
no segment electrodes 34 are formed (the region where no 
voltage is applied) is always "light blue'. In addition, of the 
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portions corresponding to the segment electrodes 34, the 
display color of a portion where a driving voltage V1 having 
a voltage value (RMS) of 1.0 V or less is applied between 
the common electrode 33 and the segment electrode 34 is 
also "light blue'. 

This calculator operates in the following manner. When 
display data is a positive ("+") numerical value and no error 
is involved, the numerical value ("1,234.5678' in FIG. 7) 
is displayed in "yellow' in the "light blue' background, as 
shown in FIG. 7. If display data is a negative (" ") numeri 
cal value, '-' and the numerical value (“12.3456” in FIG. 8) 
are displayed in "black” in the "light blue' background, as 
shown in FIG. 8. If an error occurs, 'E' and "O's corre 
sponding to eight digits are displayed in "purple' in the 
"light blue' background. w 

That is, the above-described calculator is designed to 
perform display operations with different colors, respec 
tively, in cases wherein display data is a positive numerical 
value, display data is a negative numerical value, and an 
error occurs. According to this calculator, whether display 
data is positive or negative, or an error has occurred can be 
clearly recognized without overlooking it as compared with 
a calculator having only one display color. 
The circuit arrangement designed to cause the calculator 

to perform the above-described display operation will be 
described next. 
As shown in FIG. 10, the circuit of this calculator is 

constituted by a calculator circuit section 50, a color control 
section 60, a display driver 70, and a power supply 59. The 
calculator circuit section 50 performs an arithmetic opera 
tion in accordance with numerical values and an arithmetic 
instruction input upon operation of an input key 58 of a key 
input section 57, and outputs a display data signal for 
causing the liquid crystal cell 30 to display the operation 
result, together with a state signal indicating a state, e.g., 
“minus' or "error'. The color control section 60 receives the 
state signal from the calculator circuit section 50 and outputs 
a color selection signal for selecting a display color. The 
display driver 70 serves to drive the liquid crystal cell 30 
upon receiving the display data signal from the calculator 
circuit section 50 and the color selection signal from the 
color control section 60. The power supply 59 supplies 
power to these components. 
The calculator circuit section 50 has an arrangement 

similar to that of the circuit portion of a general electronic 
portable calculator. More specifically, the calculator circuit 
section 50 comprises a control circuit 51, an arithmetic 
circuit 52, a storage circuit 53, and a display signal generator 
54. The control circuit 51 receives input numerical values 
and an arithmetic instruction from the key input section 57 
and controls an arithmetic operation, storage, a display data 
output operation, and the like. The arithmetic circuit 52 
performs arithmetic processing of numerical values and the 
like in response to an instruction from the control circuit 51. 
The storage circuit 53 stores the operation result and the like. 
The display signal generator 54 generates a display data 
signal for displaying data such as input numerical values 
from the key input section 57 and the operation result and 
the like obtained by the arithmetic circuit 52. 
The calculator circuit section 50 further includes a minus 

sign detector 55 and an error detector 56. The minus sign 
detector 55 serves to detect the minus sign (negative carry) 
of the operation result. The error detector 56 serves to detect 
errors in input numerical values, an arithmetic instruction, 
the operation result, and the like. State detection signals 
from the minus sign detector 55 and the error detector 56 are 
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output to the display signal generator 54 and the color 
control section 60. 
The color control section 60 is constituted by a color 

selection signal generator 61 for selecting a display colorset 
for each state in advance. The color control section 60 
generates a color selection signal for selecting a display 
color in accordance with the state detection signals from the 
minus sign detector 55 and the error detector 56. 
The display driver 70 receives a display data signal output 

from the display signal generator 54 of the calculator circuit 
section 50 and a color selection signal from the color 
selection signal generator 61, and applies a segment voltage 
corresponding to a predetermined display color determined 
by the display data signal and the color selection signal to 
each segment electrode 34 of the liquid crystal cell 30, while 
applying a common voltage, used for time-divisionally 
driving the liquid crystal cell 30 at a predetermined duty, to 
each common electrode 33. 
The display driver 70 comprises a driving voltage gen 

erator 71, a driving voltage selector 72, and a driving 
waveform forming circuit 73. The driving voltage generator 
71 generates a plurality of driving voltages respectively 
corresponding to the display colors (purple, yellow, and 
black) other than the background color (light blue), i.e., V2, 
V3, and V4 in Table 3. The driving voltage selector 72 
selects a driving voltage corresponding to a selected display 
color, from the driving voltages V2 to V4 generated by the 
driving voltage generator 71, in accordance with the color 
selection signal from a color selection signal generator 61. 
The driving waveform forming circuit 73 forms the wave 
form of a segment voltage applied to each segment electrode 
34 and the waveform of a common voltage applied to each 
common electrode 33 on the basis of a display signal from 
the display signal generator 54 and a selected driving 
voltage applied from the driving voltage selector 72. 

In the calculator circuit section 50, numerical values and 
an arithmetic instruction input from the key input section 57 
are supplied to the control circuit 51. The control circuit 51 
causes the arithmetic circuit 52 to perform arithmetic pro 
cessing of the input numerical values in accordance with the 
arithmetic instruction; causes the storage circuit 53 to store 
the operation result; and supplies the operation result data to 
the display signal generator 54. 
The arithmetic circuit 52 outputs a negative carry to the 

minus sign detector 55 if the operation result is a negative 
value. The minus sign detector 55 outputs a minus sign 
detection signal for display '-' to the display signal gen 
erator 54 and the color selection signal generator 61 of the 
color control section 60. 

Upon occurrence of an error such as an overflow of an 
input numerical value or an overflow of an arithmetic 
instruction or an operation result, the control circuit 51 
outputs an error signal to the error detector 56. The error 
detector 56 outputs an error detection signal for error display 
to the display signal generator 54 and the color selection 
signal generator 61 of the color control section 60. 
The display signal generator 54 forms a display data 

signal corresponding to a certain display pattern in accor 
dance with display data supplied from the control circuit 51 
and the presence/absence of a minus sign detection signal 
from the minus sign detector 55 and of an error detection 
signal from the error detector 56, and outputs the display 
data signal to the driving waveform forming circuit 73 of the 
display driver 70. 
The color selection signal generator 61 of the color 

control section 60 generates a color selection signal corre 
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18 
sponding to a normal display color (yellow) when neither 
minus sign detection signal nor an error detection signal are 
input. Upon reception of a minus sign detection signal, the 
color selection signal generator 61 generates a color selec 
tion signal corresponding to a display color (black) for a 
negative numerical value. Upon reception of an error detec 
tion signal, the color selection signal generator 61 generates 
a color selection signal corresponding to a display color 
(purple) for an error. The color selection signal generator 61 
then outputs the color selection signal to the driving voltage 
selector 72 of the display driver 70. 
The driving voltage generator 71 of the display driver 70 

generates a voltage required to form a driving waveform for 
the liquid crystal cell 30 and the plurality of different 
voltages V2, V3, and V4 corresponding to the respective 
display colors from a voltage applied from the power supply 
59, and applies these voltages to the driving voltage selector 
72. 

The driving voltage selector 72 selects a voltage corre 
sponding to a selected display color from the plurality of 
voltages applied, from the driving voltage generator 71, in 
accordance with a color selection signal from the color 
selection signal generator 61, and applies the selected volt 
age to the driving waveform forming circuit 73. 
The driving waveform forming circuit 73 generates a 

plurality of common voltages for time-divisionally driving 
the liquid crystal cell 30 at a predetermined duty (e.g., a /3 
duty), and a plurality of segment voltages for causing the 
liquid crystal cell 30 to perform a display operation in 
accordance with a display data signal from the display signal 
generator 54. The driving waveform forming circuit 73 then 
applies these common voltages and segment voltages to the 
respective common and segment electrodes 33 and 34 of the 
liquid crystal cell 30. 
The common voltages applied to the respective common 

electrodes 33 are voltages having waveforms indicating 
selection periods which are shifted from each other. 
The segment voltage applied to each segment electrode 34 

is a voltage having a waveform designed to apply an ON or 
OFF voltage to the segment electrode 34 in synchronism 
with a selection period of the common electrode 33 to which 
the segment electrode 34 opposes. The ON voltage is 
designed such that the RMS voltage between the common 
electrode 33 and the segment electrode 34 becomes one of 
the selection voltages V2, V3, and V4 applied from the 
driving voltage selector 72, i.e., one of the voltages for the 
respective display colors as purple, yellow, and black, in 
accordance with the display data signal. The OFF voltage is 
designed such that the RMS voltage between the common 
electrode 33 and the segment electrode 34 becomes the 
voltage V1 in Table 3, i.e., the voltage for setting the 
background color (light blue) as a display color. This OFF 
voltage is set in the driving waveform forming circuit 73 in 
advance. 

When the above-described common and segment voltages 
are applied to the liquid crystal cell 30, the common voltages 
having waveforms indicating selection periods which are 
sequentially shifted from each other are applied to the 
respective common electrodes 33, and the segment voltages 
corresponding to a display data signal are applied to the 
respective segment electrodes 34. As a result, the liquid 
crystal cell 30 is time-divisionally driven to display the 
display patterns shown in FIGS. 7 to 9 in accordance with 
the display data signal. 

In the above-described example, when display data is a 
positive ("+") numerical value and no error is involved, all 
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the display patterns are displayed in "yellow'; when display 
data is a negative ('-') numerical value, all the display 
patterns are displayed in "black'; and when an error is 
involved, all the display patterns are displayed in "purple'. 
However, these states and display colors can be arbitrarily 
related to each other. Furthermore, if the display driver 70 is 
designed to control the values of segment voltages, applied 
to the respective segment electrodes 34, in units of segment 
voltages, a combination of a plurality of colors can be 
displayed. For example, when display data is a negative 
'-') numerical value, '-' and the numerical value are 
respectively displayed in “black” and "yellow' in the "light 
blue' background. 

Third Embodiment 

A color liquid crystal display apparatus of this embodi 
ment is designed as follows. As shown in FIG. 11, a pair of 
upper and lower polarizing plates 41 and 42 are disposed to 
sandwich a liquid crystal cell 30. Two retardation plates 47 
and 48 are stacked between the liquid crystal cell 30 and one 
of the polarizing plates, e.g., the upper polarizing plate 41. 
In addition, a reflection plate 43 is disposed on the rear 
surface (lower surface) of the lower polarizing plate 42. 
Of the two retardation plates 47 and 48, the first retarda 

tion plate 47 disposed on the upper polarizing plate 41 side 
is arranged such that the optical axis obliquely crosses the 
transmission axis of the upper polarizing plate 41 by a 
predetermined angle. The second retardation plate 48 dis 
posed on the liquid crystal cell 30 side is arranged such that 
the optical axis obliquely crosses the optical axis of the first 
retardation plate 47 at a predetermined angle. 

Referring to FIG. 12, reference numeral 41a denotes a 
transmission axis of the upper polarizing plate 41; 47a, an 
optical axis of the first retardation plate 47; and 48a, an 
optical axis of the second retardation plate 48. The optical 
axis 47a of the first retardation plate 47 obliquely crosses the 
transmission axis 41a of the upper polarizing plate 41 at an 
angle 61. The optical axis 48a of the second retardation plate 
48 obliquely crosses the optical axis 47a of the first retar 
dation plate 47 at an angle 02. 
The color liquid crystal display apparatus of the third 

embodiment has almost the same color display and color 
changing effects as those of the second embodiment. How 
ever, the third embodiment is different from the second 
embodiment in the relationship between the applied voltage 
and the display color because the two retardation plates 47 
and 48 are differently arranged. 
Assume that the optical axis 47a of the first retardation 

plate 47 is shifted clockwise from the transmission axis 41a 
of the upper polarizing plate 41 by 70 (the angle 01) (the 
optical axis 47a of the first retardation plate 47 is shifted 
clockwise from a reference line O by 25); the optical axis 
48a of the second retardation plate 48 is shifted counter 
clockwise from the optical axis 47a of the first retardation 
plate 47 by 25° (the angle 02) (the optical axis 48a of the 
second retardation plate 48 is parallel to the reference line 
O); and the angular difference between a liquid crystal 
molecule aligning direction 31a of the liquid crystal cell 30 
on the upper substrate (adjacent to the retardation plate) 31 
side and the optical axis 48a of the second retardation plate 
48 is 45. Assume also that the transmission axis 41a of the 
upper polarizing plate 41 is parallel to the liquid crystal 
molecule aligning direction 31a of the liquid crystal cell 30 
on the upper substrate 31 side, and the transmission axis 41a 
of the upper polarizing plate 41 is parallel to a transmission 
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axis 42a of the lower polarizing plate 42. In this case, if, for 
example, retardations Re1 and Re2 of the first and second 
retardation plates 47 and 48 are 450 nm, and a value And of 
the liquid crystal cell 30 and the liquid crystal molecule twist 
angle are respectively set to be 1.30 um and 90°, the display 
color becomes "orange' when the liquid crystal molecules 
of the liquid crystal cell 30 are set in an initial twist-aligned 
state; the display color becomes "blue' when the liquid 
crystal molecules are raised/aligned almost vertically; and 
the display color becomes "yellowish green” having a high 
light intensity and high color purity as the liquid crystal 
molecules are raised/aligned from the initial twist-aligned 
State. 

Table 4 shows the relationship between the voltage 
applied to the liquid crystal cell 30 of the above-described 
color liquid crystal display apparatus and the display color. 
Note that in Table 4, the value of each applied voltage is an 
RMS voltage value applied between electrodes 33 and 34 of 
the liquid crystal cell 30. 

TABLE 4 

Applied Voltage Display Color 

Vl 1.44 W or less Orange 
V2 2.28 to 2.52 W Yellowish green 
V3 3.04 W or more Blue 

As shown in Table 4, the above-described color liquid 
crystal display apparatus is designed to change its display 
color in accordance with the voltage applied to the liquid 
crystal cell 30. Therefore, according to this color liquid 
crystal display apparatus, the display color of the same 
portion, i.e., a portion corresponding to the same segment 
electrode 34, can be changed to a plurality of colors by 
controlling the voltage applied between the electrodes 33 
and 34 of the liquid crystal cell 30. 

Fourth Embodiment 

In a color liquid crystal display apparatus of the fourth 
embodiment, three polarizing plates are used such that a 
retardation plate and a liquid crystal cell are respectively 
sandwiched by a pair of polarizing plates. More specifically, 
as shown in FIG. 13, in the color liquid crystal display 
apparatus of the first embodiment, a third polarizing plate (to 
be referred to as an intermediate polarizing plate hereinafter) 
49 is arranged between the retardation plate 40 and the liquid 
crystal cell 30. 

Referring to FIG. 14A, reference numeral 42a denotes a 
transmission axis of a lower polarizing plate 42; 49a, a 
transmission axis of an intermediate polarizing plate 49; and 
41a, a transmission axis of an upper polarizing plate 41. In 
this embodiment, the lower polarizing plate 42 and the 
intermediate polarizing plate 49 are arranged such that their 
transmission axes 42a and 49a are set to be perpendicular to 
each other, and the upper polarizing plate 41 is arranged 
such that the transmission axis 41a is made to be parallel to 
the transmission axis 49a of the intermediate polarizing 
plate 49. 

Note that the transmission axes 42a and 49a of the lower 
polarizing plate 42 and the intermediate polarizing plate 49 
may be perpendicular or parallel to liquid crystal molecule 
aligning directions 32a and 31a of the liquid crystal cell 30 
on the lower substrate 32 side and the upper substrate 31 
side, as shown in FIG. 14A. 

In addition, referring to FIG. 14A, reference numeral 40a 
denotes an optical axis of the retardation plate 40. In this 
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embodiment, the retardation plate 40 is arranged such that its 
optical axis 4.0a obliquely crosses the transmission axis 41a 
of the upper polarizing plate 41 at 45°. 

In this color liquid crystal display apparatus, the liquid 
crystal cell 30 serves only as a shutter means for controlling 
transmission of light. More specifically, light which is 
linearly polarized when it is transmitted through the upper 
polarizing plate 41 becomes elliptically polarized light 
owing to the polarizing effect of the retardation plate 40. Of 
the elliptically polarized light, light components which are 
transmitted through the intermediate polarizing plate 49 
along the transmission axis 49a become linearly polarized 
colored light. When this linearly polarized light as colored 
light is transmitted through the liquid crystal cell 30 in an 
initial twist-aligned state with no voltage being applied, the 
polarization plane of the light is rotated through 90 owing 
to the effect of rotary polarization of the liquid crystal cell 
30. As a result, the light is transmitted through the lower 
polarizing plate 42 whose transmission axis 42a is perpen 
dicular to the transmission axis 49a of the intermediate 
polarizing plate 49. The transmitted colored light is reflected 
by a reflection plate 43 to emerge from the front surface side 
of the liquid crystal display apparatus. 

In contrast to this, when a voltage is applied to the liquid 
crystal cell 30 and the liquid crystal molecules are raised/ 
aligned, colored light transmitted through the liquid crystal 
cell 30 is not influenced by the effect of rotary polarization 
and hence are absorbed by the lower polarizing plate 42. By 
ON/OFF-controlling the voltage applied to the liquid crystal 
cell 30 in this manner, a color display can be performed with 
colored light and a black dark display. 
As described above, the above-described color liquid 

crystal display apparatus is designed to perform a color 
display of transmitted light without using any color filter. 
Since the amount of colored light is almost the same as that 
of light in a wavelength region corresponding to the above 
mentioned colored light of light incident on the display 
apparatus, the brightness of display can be sufficiently 
increased by increasing the transmittance. 
The color of light in this color liquid crystal display 

apparatus is determined by a retardation Re of the retarda 
tion plate 40, the angular difference between the transmis 
sion axis 41a of the upperpolarizing plate 41 and the optical 
axis 4.0a of the retardation plate 40, and the direction of the 
transmission axis 49a of the 10 intermediate polarizing plate 
49. Assume that the retardation Re of the retardation plate 40 
is 450 nm, the angular difference between the transmission 
axis 41a of the upper polarizing plate 41 and the optical axis 
4.0a of the retardation plate 40 is 45, and the direction of the 
transmission axis 49a of the intermediate polarizing plate 49 
is perpendicular to the transmission axis 42a of the lower 
polarizing plate 42. In this case, the color of the light is 
“blue'. This blue is bright because it is not obtained through 
a color filter, unlike the conventional color liquid crystal 
display apparatus. 
The above-described color liquid crystal display appara 

tus is of a positive display type, in which the transmission 
axes 42a and 49a of the lower polarizing plate 42 and the 
intermediate polarizing plate 49 sandwiching the liquid 
crystal cell 30 are made to be perpendicular to each other. In 
this apparatus, since a display pattern is displayed in “black” 
in a brightblue background, the contrast of a display is good. 
The liquid crystal display apparatus of the fourth embodi 

ment is of a positive display type. However, the above 
described color liquid crystal display apparatus may be of a 
negative display type, in which the transmission axes 42a 
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and 49a of the lowerpolarizing plate 42 and the intermediate 
polarizing plate 49 sandwiching the liquid crystal cell.30 are 
made to be almost parallel to each other. 

FIG. 14B shows a modification of the fourth embodiment. 
This modification is the same as the fourth embodiment 
except that only the position of the lower polarizing plate 42 
is changed such that the transmission axis 42a of the lower 
polarizing plate 42 becomes parallel to the transmission axis 
49a of the intermediate polarizing plate 49. 
The color liquid crystal display apparatus of this modifi 

cation is of a negative display type. If, for example, the 
retardation of the retardation plate 40 is 450 nm, a "blue” 
display pattern is displayed in a "black' background with 
good contrast. 
When the transmission axes 41a and 49a of the upper 

polarizing plate 41 and the intermediate polarizing plate 49 
sandwiching the retardation plate 40 are made to be perpen 
dicular to each other, the color of light is "orange' in the 
450-nm retardation of the retardation plate 40. In this case, 
therefore, when the transmission axes 49a and 42a of the 
intermediate polarizing plate 49 and the lower polarizing 
plate 42 are made to be perpendicular to each other, a 
positive display is obtained, in which a "black” display 
pattern is displayed in an "orange' background; and when 
the transmission axes 49a and 42a are made to be parallel to 
each other, a negative display is obtained, in which an 
"orange' display pattern is displayed in a "black' back 
ground. 
As described above, according to the color liquid crystal 

display apparatus of this embodiment, even if the apparatus 
is of a reflection type, a bright two-color display with 
"black' and a chromatic color can be obtained. In addition, 
since the retardation plate and the liquid crystal cell are 
respectively sandwiched between the pairs of polarizing 
plates, changes in contrast due to visual angles in the 
retardation plate and the liquid crystal cell (visual angle 
dependency) are not added. Therefore, the overall visual 
angle dependency of the liquid crystal display apparatus is 
can be made small, and a larger viewing angle can be 
obtained. 

Fifth Embodiment 

As shown in FIGS. 15 and 16, the arrangement of a color 
liquid crystal display apparatus of the fifth embodiment is 
the same as that of the color liquid crystal display apparatus 
of the first embodiment except for the type of a so-called 
biaxial retardation plate 80. More specifically, as shown in 
FIG. 17, provided that the direction of an optical axis 80a of 
the retardation plate 80 is defined as an x-axis direction, the 
retardation plate 80 is a retardation plate which satisfies 
condition n>nz>n where n is the refractive index in the 
X-axis direction, n is the refractive index in the Y-axis 
direction perpendicular to the X-axis direction within a 
plane parallel to the surface of the retardation plate 80, and 
nz is the refractive index in the Z-axis direction which is the 
direction of thickness. 

Similar to the color liquid crystal display apparatus of the 
first embodiment, the color liquid crystal display apparatus 
of the fifth embodiment can obtain colored light based on the 
polarizing effect of the retardation plate 80 and colored light 
based on the polarizing effects of the retardation plate 80 and 
a liquid crystal cell 30. In addition, since the polarizing 
effect of the liquid crystal cell 30 changes in accordance with 
the voltage applied to the liquid crystal cell 30, the color of 
light can be arbitrarily changed. 
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For example, the following display colors can be obtained 
by this color liquid crystal display apparatus. ASSume that 
refractive indexes n,n, and n, of the retardation plate 80 in 
the x-axis, y-axis, and z-axis directions and a plate thickness 
(the thickness of a portion having a refractive indeX anisot 
ropy) d are: 
n=1.4 
n=1.2 
n=1.3 
=2.15 um 

a liquid crystal molecule twist angle () and a birefringent 
index An and liquid crystal layer thickness d' of a liquid 
crystal 38 are: 

(b=-90° (in the clockwise direction in FIG. 16) 
An=0.092 
d'=6 um 

an angular difference y between a transmission axis 41a of 
an upper polarizing plate 41 and the optical axis 80a of the 
retardation plate 80 is 45° (45 in the counterclockwise 
direction in FIG. 16), the transmission axis 41a of the upper 
polarizing plate 41 is perpendicular to the liquid crystal 
molecule aligning direction of the liquid crystal cell 30 on 
the upper substrate 31 side, and a transmission axis 42a of 
a lower polarizing plate 42 is parallel to the transmission 
axis 41a of the upper polarizing plate 41. In this case, the 
voltage applied to the liquid crystal cell 30 and the display 
color have the following relationship. Note that the value of 
each applied voltage is an RMS, and each display color is 
recognized when the display of the liquid crystal display 
apparatus is viewed in front of it. 

(Applied voltage) (Display Color) 

7 W or less Orange 
2.9 to 3.5 W Black 
45 W or more Blue 

That is, as the voltage applied to the liquid crystal cell 30 
is increased, the display color of the above-described color 
liquid crystal display apparatus changes from "orange' as an 
initial display color, obtained in a state wherein the applied 
voltage is 1.7 V or less, i.e., the liquid crystal molecules are 
twist-aligned, to "blue' as a final display color, obtained in 
a state wherein a voltage of 4.5 V or more as the maximum 
voltage is applied to the liquid crystal cell 30, i.e., the liquid 
crystal molecules are raised/aligned vertically. In this pro 
cess of color change, the display color becomes "black' 
having a high light intensity and high color purity. 
By controlling the voltage applied to the liquid crystal cell 

30 in this manner, a display can be performed with a 
plurality of colors. 

In addition, the above color liquid crystal display appa 
ratus uses the retardation plate 80 which satisfies n,>nêny 
where n is the refractive index in the x-axis direction as the 
optical axis 80a, n, is the refractive index of the y-axis 
direction, and n is the refractive index in the Z-axis direc 
tion. Since this retardation plate has a small change ratio of 
a phase difference to the incident angle of light as compared 
with a general retardation plate, the above color liquid 
crystal display apparatus has a small visual angle depen 
dency of a display color and hence has a sufficiently large 
angle of field. 

That is, phase differences R. with respect the incident 
angle of light on the retardation plate in the x-axis and y-axis 
directions are obtained as follows. When light is incident 
from a direction along a normal line of the retardation plate 
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(a line vertical to a plane including the X- and y-axes, i.e., the 
incident angle of light with respect to a normal line of the 
retardation plate is 0°), a phase difference R(0) is given by: 

where d is the thickness of the retardation plate. 
When light is obliquely incident from a direction inclined 

with respect to a normal line of the retardation plate by an 
angle 0, a phase difference 

(6) 
R(0) = n,-----d (9) ( Nasinoncose ) cose 

A general retardation plate is designed to satisfy nann, 
where n, n, and n, are the refractive indexes in the X-axis, 
y-axis, and z-axis directions, as shown in FIG. 17. For this 
reason, in the general retardation plate, a ratio R(0)/R(0) 
of the phase difference R(0), obtained when the incident 
angle of light is 0°, to the phase difference R(0), obtained 
when the incident angle of light is 0, greatly changes 
depending on the incident angle of light. 

In contrast to this, the retardation plate in the above 
embodiment is designed to satisfy n>nan, where n, n, 
and n are the refractive indexes in the x-axis, y-axis, and 
z-axis directions. For this reason, the ratio R(0)/R(0) is 
low, and hence a change in phase difference with a change 
in incident angle of light is small. 

FIG. 18 shows a change in R(0)/R(0) as a function of 
an incident angle in the retardation plate in the above 
embodiment in comparison with the above-mentioned gen 
eral retardation plate. As indicated by the broken curve in 
FIG. 18, the ratio R(0)/R(0) of the general retardation 
plate greatly changes with a change in incident angle. For 
this reason, as the incident angle increases, the phase dif 
ference greatly changes. In contrast to this, as indicated by 
the solid curve in FIG. 18, the change in R(0)/R(0) of the 
retardation plate in the above embodiment is small. There 
fore, a change in phase difference with a change in incident 
angle is small. 
Note that the values R(0)/R(0) of the general retarda 

tion plate shown in FIG. 18 are obtained when the retarda 
tion plate is designed to have n=1.4 and n=n=1.2, and 
R(0)/R(0) of the retardation plate in the embodiment is 
obtained when the retardation plate is designed to have 
n=1.4 and n=1.2, and n=1.3. 
As described above, in the general retardation plate, a 

change in phase difference with a change in incident angle 
is large. For this reason, if the general retardation plate is 
used for the above color liquid crystal display apparatus, the 
display color changes depending on the visual angie. In 
contrast to this, in the retardation plate in the above embodi 
ment, a change in phase difference with a change in incident 
angle is small. If, therefore, this retardation plate is used, a 
change in display color with a change in visual angle, i.e., 
the visual angle dependency of a display color, is small. 

FIG. 19 shows the relationship between the visual angle 
and the color difference (AE*ab) of the display color in the 
color liquid crystal display apparatus of the above embodi 
ment using the retardation plate 80 which satisfies n>nên, 
where n, n, and n, are the refractive indexes in the X-axis, 
y-axis, and Z-axis directions, and those in a comparative 
apparatus using the general retardation plate, which satisfies 
n>n=n, in place of the retardation plate 80. Referring to 
FIG. 19, the sold curve indicates a change in color difference 
as a function of a visual angle in the apparatus of the 
embodiment; and the broken curve, a change in color 
difference as a function of a visual angle in the comparative 
apparatus. 
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In both the apparatus of the embodiment and the com 
parative apparatus, the liquid crystal molecule twist angle of 
the liquid crystal cell is set to be -90; the birefringent index 
An of the liquid crystal, 0.092; the liquid crystal layer 
thickness is 6 m; the angular difference between the trans 
mission axis of the upper polarizing plate and the optical 
axis of the retardation plate is 45°; the transmission axis of 
the upper polarizing plate is set to be perpendicular to the 
liquid crystal molecule aligning direction of the liquid 
crystal cell on the upper substrate side, and the transmission 
axis of the lower polarizing plate is set to be parallel to the 
transmission axis of the upper polarizing plate. In addition, 
the retardation plate used for the apparatus of the embodi 
ment has n=1.4, n=1.2, and n=1.3, whereas the retardation 
plate used for the comparative apparatus has n=1.4 and 
n=n=1.2. Note that either retardation plate has a thickness 
of 2.15 m. 

Furthermore, the color difference (AE*ab) of the display 
color represents a value with reference to a chromaticity 
obtained when the visual angle is 0, i.e., when the display 
apparatus is viewed in front of it. That is, the color difference 
is the difference between this reference chromaticity and the 
chromaticity of a display color at each visual angle. 
As shown in FIG. 19, in the comparative apparatus using 

the general retardation plate which satisfies n>n=n, where 
ne, n, and n are the refractive indexes in the X-axis, y-axis, 
and Z-axis directions, a change in chromaticity with a change 
in visual angle is large. That is, the visual angle dependency 
of a display color is large. In contrast to this, in the apparatus 
of the embodiment using the retardation plate which satisfies 
n>nan, a change in chromaticity with a change in visual 
angle is smaller than that in the comparative apparatus. 

In the above embodiment, the retardation plate 80 is 
disposed between the upper polarizing plate 41 and the 
liquid crystal cell 30. However, the retardation plate 80 may 
be disposed between the lower polarizing plate 42 and the 
liquid crystal cell 30. 

Sixth Embodiment 

As shown in FIGS. 20 and 21, the arrangement of a color 
liquid crystal display apparatus of the sixth embodiment is 
the same as that of the color liquid crystal display apparatus 
of the first embodiment except for the type of a retardation 
plate 81. The retardation plate 81 used in this embodiment 
is a twisted retardation plate in which the material molecules 
are twist-aligned in the same manner as a twisted-nematic 
liquid crystal. 
The twisted retardation plate 81 is constituted by a film in 

which polymeric liquid crystal molecules are twist-aligned 
from one surface to the other surface. The polymeric liquid 
crystal molecules are twist-aligned between the two surfaces 
of the retardation plate 81 at a twist angle of about 90°. 
The retardations of a liquid crystal cell 30 and the twisted 

retardation plate 81 are set to be almost equal to each other, 
and the twist direction of liquid crystal molecules 38a of the 
liquid crystal cell 30 is set to be opposite to the molecule 
twist direction of the twisted retardation plate 81. 

In addition, a pair of polarizing plates 41 and 42 arranged 
such that their transmission axes are obliquely cross the 
molecule aligning direction of the twisted retardation plate 
81 on the surface side adjacent to the polarizing plate (upper 
surface side) and the liquid crystal molecule aligning direc 
tion of the liquid crystal cell 30 on the substrate 32 side 
adjacent to the polarizing plate (lower substrate side) by 
predetermined angles. In addition, the transmission axes of 
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the two polarizing plates 41 and 42 are set to be almost 
parallel to each other. 

FIG. 21 is a plan view showing the liquid crystal molecule 
aligning direction of the liquid crystal cell 30, the molecule 
aligning direction of the twisted retardation plate 81, and the 
transmission axes of the pair of polarizing plates 41 and 42 
in the above liquid crystal display apparatus. Referring to 
FIG. 21, reference numeral 31a denotes a liquid crystal 
molecule aligning direction of the liquid crystal cell 30 on an 
upper substrate 31 side; 32a, a liquid crystal molecule 
aligning direction of the liquid crystal cell 30 on a lower 
substrate 32 side; 81a, a molecule aligning direction of the 
twisted retardation plate 81 on its upper surface side; and 
81b, a molecule aligning direction of the twisted retardation 
plate 81 on its lower surface side. 
As shown in FIG. 21, the liquid crystal molecule aligning 

directions 31a and 32a of the liquid crystal cell30 on the two 
substrate (31 and 32) sides are respectively inclined with 
respect to a reference line (horizontal line in FIG. 21) in 
opposite directions by about 45°. The molecules 38a of a 
liquid crystal 38 of the liquid crystal cell 30 are twist-aligned 
counterclockwise in FIG. 21, from the lower substrate 32 
side to the upper substrate 31 side, by a twist angle of about 
90°, as indicated by an arrow T representing the twist 
direction. 

The molecule aligning direction 81a of the twisted retar 
dation plate 81 on the upper surface side is parallel to the 
liquid crystal molecule aligning direction 31a of the liquid 
crystal cell 30 on the upper substrate 31 side, and the 
molecule aligning direction 81b on the lower surface side is 
parallel to the liquid crystal molecule aligning direction 32a 
of the liquid crystal cell 30 on the lower substrate 32 side. 
The molecules of the twisted retardation plate 81 are twist 
aligned, in a direction opposite to the liquid crystal molecule 
aligning direction T of the liquid crystal cell 30 (the clock 
wise direction in FIG. 21), from the lower surface to the 
upper surface of the twisted retardation plate 81, by about 
90, as indicated by an arrow t representing the twist 
direction. 

The retardation (the product of a refractive index An and 
a liquid crystal layer thickness d of the liquid crystal) of the 
liquid crystal cell 30 in a 90° twist-aligned state is almost 
equal to the retardation (the product of a refractive index An 
and a thickness d of the retardation plate) of the twisted 
retardation plate 81. 

In this embodiment, transmission axes 41a and 42a of the 
two polarizing plates 41 and 42 are set to be almost 
perpendicular to the reference line O. Consequently, the 
transmission axis 41a of the upper polarizing plate 41 
crosses the molecule aligning direction 81a of the twisted 
retardation plate 81, to which the upper polarizing plate 41 
opposes, on the surface side adjacent to the polarizing plate 
(upper surface side) at 45 in the counterclockwise direction 
in FIG. 21. In addition, the transmission axis 42a of the 
lower polarizing plate 42 crosses the liquid crystal molecule 
aligning direction 32a of the liquid crystal cell 30, to which 
the lower polarizing plate 42 opposes, on the substrate side 
adjacent to the polarizing plate (lower substrate side) by 45° 
in the clockwise direction in FIG. 21. 

Similar to the first to fifth embodiments, the color liquid 
crystal display apparatus of this embodiment can obtain 
colored light based on the polarizing effect of the twisted 
retardation plate 81, and colored light based on the polar 
izing effects of the twisted retardation plate 81 and the liquid 
crystal cell 30. In addition, since the polarizing effect of the 
liquid crystal cell 30 changes in accordance with the voltage 
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applied to the liquid crystal cell 30, the color of light can be 
arbitrarily changed. According to the color liquid crystal 
display apparatus of the embodiment, while no voltage is 
applied to the liquid crystal cell 30, a "white' display state 
can be obtained, in which colorless light emerges. 

This "white' display operation will be described below. 
The retardation of the liquid crystal cell 30 is almost equal 
to that of the twisted retardation plate 81, and the liquid 
crystal molecule twist direction T of the liquid crystal cell 30 
is opposite to the molecule twist direction of the twisted 
retardation plate 81. For this reason, while no voltage is 
applied between the electrodes 33 and 34 of the liquid 
crystal cell 30, i.e., the liquid crystal molecules 38a of the 
liquid crystal cell 30 are in a twist-aligned state, the polar 
izing effects of the twisted retardation plate 81 and the liquid 
crystal cell 30 work in opposite directions. As a result, light 
which is polarized from linearly polarized light to ellipti 
cally polarized light by the twisted retardation plate 81 is 
restored to the linearly polarized light (the light linearly 
polarized by the upper polarizing plate 41) in the process of 
passing through the liquid crystal layer of the liquid crystal 
cell 30. 

In the above-described liquid crystal display apparatus, 
since the transmission axes 41a and 42a of the pair of 
polarizing plates 41 and 42 are almost parallel to each other, 
the light which has been restored to the original linearly 
polarized light by the liquid crystal cell 30 is transmitted 
through the lower polarizing plate 42 without being polar 
ized. That is, the light emerging from the lower polarizing 
plate 42 at this time is colorless light obtained by causing the 
liquid crystal cell 30 to cancel the color display effect of the 
twisted retardation plate 81. 

According to the above-described color liquid crystal 
display apparatus, since colored light can be obtained with 
out using any color filter, a multiple color display which is 
free from a loss of transmitted light due to a color filter and 
includes a bright white display can be easily realized. 

In the above color liquid crystal display apparatus, a light 
intensity I of transmitted light with no voltage being applied 
to the liquid crystal cell 30 is expressed by equation (7): 
I = (7) 

2 

2(1 + lulu2) 
-- C2C+ - C - CCSS2 +S,2S2 
2 N 12 \ 1. 

C E COS N 1 + u1? 

C = cos; 1. 
S = sin - 1.2 

where An is the refractive index anisotropy of the twisted 
retardation plate, d is the thickness of the twisted retarda 
tion plate, An is the refractive index anisotropy of the liquid 
crystal of the liquid crystal cell, and d is the liquid crystal 
layer thickness of the liquid crystal cell. 
The light intensity I obtained by equation (7) is almost /2 

the light intensity of all light components (visible light) 
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incident on the liquid crystal display apparatus (this bright 
ness is almost equal to that of a bright display of a general 
TN type liquid crystal display having no color filter). 

FIG.22 is a CIE chromaticity diagram of the above color 
liquid crystal display apparatus. This diagram shows a 
change in chromaticity of the liquid crystal display appara 
tus in a case wherein a value An.d (And in equation (7)) of 
the twisted retardation plate 81 and a value And (And in 
equation (7)) of the liquid crystal cell 30 are set to be 1,100 
I. 

As shown in this chromaticity diagram, the display color 
of the color liquid crystal display apparatus changes from 
"white', obtained in a state wherein no voltage is applied, to 
a final display color ("blue' in this case) as the voltage 
applied to the liquid crystal cell 30 is increased. In this 
process, the display color becomes "red", "blue' (almost 
identical to the final display color), and "green”, in each of 
which the light intensity I of the display and the color purity 
are high. Therefore, the "red", "blue", and "green' displays 
can be used for a halftone display by controlling the voltage 
applied to the liquid crystal cell 30. 

In the above embodiment, the transmission axes 41a and 
42a of the pair of polarizing plates 41 and 42 are obliquely 
shifted from the molecule aligning direction of the twisted 
retardation plate 81 on the surface side adjacent to the 
polarizing plate and from the liquid crystal molecule align 
ing direction of the liquid crystal cell 30 on the substrate 32 
side adjacent to the polarizing plate by about 45, respec 
tively. However, this angle may be arbitrarily set. Note that 
the angle is preferably set to be 45°-5° to obtain a satisfac 
tory coloring effect by using the twisted retardation plate 81. 

In the above embodiment, the twisted retardation plate 81 
is disposed between the liquid crystal cell 30 and the upper 
polarizing plate 41. However, the twisted retardation plate 
81 may be disposed between the liquid crystal cell 30 and 
the lower polarizing plate 42. The embodiment is not limited 
to a reflection type. Even if the embodiment is applied to a 
transmission or semi-transmission type liquid crystal display 
apparatus, the same effects as those described above can be 
obtained. 

Seventh Embodiment 

A color liquid crystal display apparatus of the seventh 
embodiment is a display apparatus of a so-called active 
matrix driving scheme. That is, in the first embodiment, the 
display scheme is changed to a dot display scheme, and a 
nonlinear active element is arranged for each pixel to drive 
the liquid crystal. 
As shown in the perspective view of FIG. 23, upper and 

lower glass substrates 91 and 92 are disposed to oppose each 
other through a space (several um) in which a liquid crystal 
layer is sealed. A common electrode 93 consisting of a 
transparent conductive material, e.g., ITO, and a plurality of 
pixel electrodes 94 are respectively arranged on the oppos 
ing surfaces of the glass substrates 91 and 92. 
The pixel electrodes 94 are arranged on the upper surface 

of the lower glass substrate 92 in the form of a matrix. Signal 
lines 95 and scanning lines 96 are arranged between the 
respective pixel electrodes 94 in the vertical and horizontal 
directions, respectively, one by one. That is, a plurality of 
signal lines 95, extending parallel to each other, and a 
plurality of scanning lines 96, extending parallel to each 
other, are arranged in the form of a matrix to cross each other 
at a right angle. A thin-film transistor (to be referred to as a 
TFThereinafter) 97 as an active element is arranged for each 
pixel electrode 94. The gate, drain, and source electrodes of 
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each TFT 97 are respectively connected to a corresponding 
one of the scanning lines 96, a corresponding one of the 
signal lines 95, and a corresponding one of the pixel 
electrodes 94. 
As shown in the sectional view of FIG. 24, aligning films 

98 and 99 are respectively formed on the surfaces of the 
common electrode 93 and each pixel electrode 94 respec 
tively arranged on the opposing surfaces of the glass sub 
strates 91 and 92 of a liquid crystal cell 90 so as to regulate 
the aligning direction of liquid crystal molecules. 
The liquid crystal cell 90 is formed as follows. The upper 

and lower glass substrates 91 and 92 are disposed to oppose 
each other through a predetermined space, and the periphery 
of the space is sealed by a seal member 100. A liquid crystal 
101 is injected into the space through a liquid crystal inlet 
(not shown). 
A retardation plate 40, a pair of polarizing plates 41 and 

42, and a reflection plate 43, each identical to the corre 
sponding component in the first embodiment, are attached to 
the liquid crystal cell 90 at the same positions as those in the 
first embodiment. In addition, the positions/arrangement of 
the transmission axes of these polarizing plates 41 and 42, 
the optical axis of the retardation plate 40, and the aligning 
treatment directions of the aligning films 98 and 99 are the 
same as those in the first embodiment shown in FIG. 2. 

Similar to the first embodiment, the color liquid crystal 
display apparatus of this embodiment can also obtain col 
ored light based on the polarizing effect of the retardation 
plate 40, and colored light based on the polarizing effects of 
both the retardation plate 40 and the liquid crystal cell 90. In 
addition, since the polarizing effect of the liquid crystal cell 
90 changes in accordance with the voltage applied to the 
liquid crystal cell 90, the color of light can be arbitrarily 
changed. 
The color display/color changing effects based on the 

active matrix driving scheme in the above-described color 
liquid crystal display apparatus will be described below. 
As shown in FIG. 23, a plurality of transparent electrodes 

are arranged, as pixel electrodes, on one side of the liquid 
crystal cell 90 in the form of a dot matrix, and each pixel 
electrode 94 is connected to a corresponding one of the 
signal lines 95 through a corresponding one of the thin-film 
transistors (TFTs) 97. The switching operation of each TFT 
97 is controlled by a gate electrode connected to a corre 
sponding one of the scanning lines 96. 

FIGS. 25A to 27 respectively show the waveforms of 
driving voltage signals applied to the signal and scanning 
lines 95 and 96 in a tricolor display operation. 

FIGS. 25A to 25C respectively show the waveforms of 
driving voltage signals which are sequentially applied to 
three adjacent scanning lines of the scanning lines 96. Line 
sequential scanning is performed in the order of FIGS. 25A, 
25B, and 25C. 

Let N be the number of scanning lines arranged on the 
substrate 92 to be parallel to one direction, e.g., the hori 
Zontal direction, and Tfbe a frame time. In this case, as 
shown in FIG. 25A, a scanning voltage V is applied to the 
first scanning line for a time TflN obtained by dividing the 
frame time by the number of scanning lines. As a result, the 
TFT97 to which the scanning voltage is applied is turned on. 

FIG. 26 shows the waveform of a driving voltage signal 
applied to the signal line 95. 
When one of signal voltages Vir (for red), Vg (for green), 

and Vb (for blue) corresponding to colors to be displayed is 
applied in accordance with the timing shown in FIG. 25A at 
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which the scanning voltage V is applied to the first scan 
ning line, the signal voltage corresponding to the desired 
display color is applied to each pixel electrode through each 
TFT 97 in an ON state. When scanning of one line is 
completed, the corresponding TFTs 97 are turned off, and 
the signal voltage applied to each TFT 97 is held. That is, 
one capacitor is constituted by a structure in which a liquid 
crystal layer is sandwiched between a pixel electrode and a 
counter electrode so that even if a TFT is turned off after a 
predetermined charge is stored upon application of a signal 
voltage, the voltage is held. The time during which the 
voltage is held corresponds to one frame time Tf. 

With this arrangement, since almost the same RMS volt 
age as the signal voltage applied to a given signal line is 
applied to liquid crystal molecules 101a in each of the 
corresponding pixels, a color display can be performed with 
high controllability. 

FIGS. 27A to 27C respectively show liquid crystal driving 
voltage waveforms indicating a state wherein a predeter 
mined charge is held in the pixel electrode 94 and a 
predetermined voltage is applied to the liquid crystal. 

FIG. 27A shows a driving voltage waveform for a red 
display. As shown in FIG. 25A, the TFTs 97 of the pixel 
electrodes 94 of the first line are kept on for a time interval 
between 0 to Tf N by applying the scanning voltage V to 
the corresponding scanning line 96. At this time, the signal 
voltage Wr shown in FIG. 26 is applied to a predetermined 
signal line 95. As a result, as shown in FIG. 27A, the voltage 
Wr can be stably applied to the corresponding pixel electrode 
94 of the first line. With this operation, the aligned state of 
the liquid crystal molecules 101a of the corresponding pixel 
is changed to display 'red'. 
When the second line is to be scanned, as shown in FIG. 

25B, the TFTs 97 of the corresponding pixel electrodes 94 
are kept on for a time interval between TF/N to 2Tf/N by 
applying the scanning voltage V to the corresponding 
scanning line 96. At this time, for example, the signal 
voltage Vg shown in FIG. 26 is applied to a predetermined 
signal line 95. As a result, as shown in FIG. 27B, the signal 
voltage Vg can be stably applied to the corresponding pixel 
electrode 94 after Tf/N. With this operation, the aligned state 
of the liquid crystal molecules 101a of the corresponding 
pixel is changed to display "green' in place of "blue” 
displayed upon application of the signal voltage Vb in the 
previous scanning operation. 
When the third line is to be scanned, as shown in FIG. 

25C, the TFTs 97 of the corresponding pixel electrodes 94 
are kept on for a time interval between 2Tf/N to 3Tf/N by 
applying the scanning voltage V to the corresponding 
scanning line 96. At this time, for example, the signal 
voltage Vb shown in FIG. 26 is applied to a predetermined 
signal line 95. As a result, as shown in FIG. 27C, the signal 
voltage Vb can be stably applied to the corresponding pixel 
electrode 94 after 2Tf/N. With this operation, the aligned 
state of the liquid crystal molecules 101a of the correspond 
ing pixel is changed to display "blue'. 
As described above, the color liquid crystal display appa 

ratus of this embodiment can perform a color display 
operation by controlling the driving voltage applied to the 
liquid crystal cell 90 without using any color filters. In this 
case, since no color filters are used, the loss of the amount 
of transmitted light is greatly reduced, and the brightness of 
a color display can be sufficiently increased. 

Eighth Embodiment 
The arrangement of a color liquid crystal display appa 

ratus of the eighth embodiment of FIG.28 is the same as that 
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of the first embodiment except that the polarizing plate on 
the reflection plate side is omitted. 

FIG. 29 is a plan view showing the liquid crystal molecule 
aligning direction of a liquid crystal cell 30, the optical axis 
of a retardation plate 40, and the transmission axis of a 
polarizing plate 41. An optical axis 4.0a of the retardation 
plate 40 is almost parallel to a liquid crystal molecule 
aligning direction 31a of the liquid crystal cell 30 on the 
substrate 31 side adjacent to the retardation plate. Reference 
numeral 41a denotes the transmission axis of the polarizing 
plate 41. In this embodiment, an angular difference f 
between the transmission axis 41a of the polarizing plate 41 
and the optical axis 4.0a of the retardation plate 40 is set to 
be 45°. 
The above color liquid crystal display apparatus is of a 

reflection type, in which light (natural light or light from an 
illumination source) which is incident from the front surface 
(upper surface) side of the apparatus is reflected by a 
reflection plate 43 on the rear surface side, thereby perform 
ing a display operation. The incident light from the front 
surface side passes through the polarizing plate 41, the 
retardation plate 40, and the liquid crystal cell 30 and is 
reflected by the reflection plate 43, and the reflected light 
passes through the liquid crystal cell 30, the retardation plate 
40, and the polarizing plate 41 again to emerge. 

In this color liquid crystal display apparatus, the trans 
mission axis 41a of the polarizing plate 41 is obliquely 
shifted from the optical axis 4.0a of the retardation plate 40 
by a predetermined angle. For this reason, incident light 
which is linearly polarized by the polarizing plate 41 
becomes elliptically polarized light owing to the polarizing 
effect of the retardation plate 40 in the process of passing 
therethrough. The polarized state of the light is further 
changed by the polarizing effect of the liquid crystal cell 30, 
in which liquid crystal molecules 38a are twist-aligned, in 
the process of passing therethrough, and is also reflected by 
the reflection plate 43. The polarized state of the reflected 
light is further changed in the process of passing through the 
liquid crystal cell 30 and the retardation plate 40 again, and 
is incident on the polarizing plate 41. 
When a voltage is applied between electrodes 33 and 34 

of the liquid crystal cell 30, the aligned state of the liquid 
crystal molecules 38a is changed from the twist-aligned 
state to a state wherein the molecules are raised with respect 
to the surfaces of substrates 31 and 32. As the aligned state 
of the liquid crystal molecules 38a changes in this manner, 
the polarizing effect of the liquid crystal cell 30 changes. For 
this reason, light which has received the polarizing effects of 
the retardation plate 40 and the liquid crystal cell 30 
becomes light in a polarized state different from light in a 
state wherein no voltage is applied (the liquid crystal mol 
ecules are twist-aligned) and is incident on the polarizing 
plate 41. As the liquid crystal molecules 38a are raised/ 
aligned almost vertically, the polarizing effect of the liquid 
crystal cell 30 is almost nullified. Consequently, the incident 
light which has been linearly polarized by the polarizing 
plate 41 receives only the polarizing effect of the retardation 
plate 40 and is reflected by the reflection plate 43 to be 
incident on the polarizing plate 41. 
As described above, the polarized state of light which is 

incident on the polarizing plate 41, passes through the 
retardation plate 40 and the liquid crystal cell 30 twice, and 
is incident on the polarizing plate 41, with color changes 
depending on the aligned state of the liquid crystal mol 
ecules of the liquid crystal cell 30. In one state, reflected 
light which is incident on the polarizing plate 41 becomes 
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the same linearly polarized light as that obtained in the initial 
incidence. In the other state, the incident light becomes 
elliptically polarized light. 

If the reflected light which is incident on the polarizing 
plate 41 is the same linearly polarized light as that obtained 
at the initial incidence, since all wavelength components are 
transmitted through the polarizing plate 41, the emerging 
light becomes colorless light (white light). If the reflected 
light which is incident on the polarizing plate 41 is ellipti 
cally polarized light, only light components having wave 
lengths corresponding to the transmission axis of the polar 
izing plate 41, of the elliptically polarized light, emerge 
through the polarizing plate 41. As a result, the emerging 
light becomes colored light. 

According to the above color liquid crystal display appa 
ratus, therefore, transmitted light can be colored light with 
out using any color filters, and the brightness of a display can 
be sufficiently increased by increasing the transmittance. 

in the above color liquid crystal display apparatus, pro 
vided that the liquid crystal molecule twist angle of the 
liquid crystal cell 30 is 90°, an intensity I of emerging light 
can be expressed by equation (8): 

I= } { (cos' 5 \12 
sin?; N12 ) cosa 

(8) 

1 - u? 
1 + u2 

2 

cos; \12 sin - N1 sina -- 2u. 

where Re is the retardation of the retardation plate, An is the 
refractive index anisotropy of the liquid crystal, d is the 
liquid crystal layer thickness of the liquid crystal, and is 
the wavelength. 
The light intensity I obtained by equation (8) is almost /2 

the intensity of all wavelength components (visible light) 
incident on the display apparatus when a white display is 
performed, i.e., the emerging light becomes colorless light. 
Therefore, a sufficiently bright display can be obtained. 

FIG. 30 is a CIE chromaticity diagram of the above color 
liquid crystal display apparatus. This diagram shows chro 
maticities obtained when the retardation Re of the retarda 
tion plate 40 is set to be 400 nm, and the value And of the 
liquid crystal cell 30 is set to be 300 nm. 
As shown in this chromaticity diagram, with an increase 

in voltage applied to the liquid crystal cell 30, the display 
color of the color liquid crystal display apparatus changes 
from an initial display color, in a state wherein the voltage 
is 0, i.e., the liquid crystal molecules 38a are twist-aligned, 
to a final display color in a state wherein the maximum 
voltage is applied, i.e., the liquid crystal molecules 38a are 
raised/aligned vertically. In this process of changing the 
display color, a display color having a high light intensity I 
and high color purity appears. 

Note that the initial display color of this color liquid 
crystal display apparatus, i.e., the display color in a state 
wherein the liquid crystal molecules 38a are twist-aligned, 
is "blue'. 
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In addition, the retardation Re of the retardation plate 40 
is 400 nm, and the angular difference y between the trans 
mission axis 41a of the polarizing plate 41 and the optical 
axis 4.0a of the retardation plate 40 is 45°. For this reason, 
when a voltage is applied to the liquid crystal cell 30 to 
raise/align the liquid crystal molecules 38a vertically, i.e., 
when the polarizing effect of the liquid crystal cell 30 is 
nullified, and transmitted light receives only the polarizing 
effect of the retardation plate 40, light which has been 
elliptically polarized in the process of passing through the 
retardation plate 40 toward the reflection plate 43 becomes 
light in a linearly polarized state close to the linearly 
polarized light in the initial incidence in the process of 
passing through the retardation plate 40 toward the polar 
izing plate 41. 

For this reason, in the color liquid crystal display appa 
ratus, the final display color in the state wherein the maxi 
mum voltage is applied to raise/align the liquid crystal 
molecules 38a almost vertically is "almost white'. With an 
increase in voltage, the display color changes in the order of 
“blue” (initial display color), "yellow", "blue', and "almost 
white' (final display color). 
As described above, the color liquid crystal display appa 

ratus can arbitrarily change its display color to the above 
mentioned colors by controlling the voltage applied to the 
liquid crystal cell 30. 

In addition, the above-described color liquid crystal dis 
play apparatus is constituted by only four components, i.e., 
one liquid crystal cell 30 having liquid crystal molecules 
twist-aligned, one retardation plate 40, one polarizing plate 
41, and one reflection plate 43. Therefore, the apparatus can 
be realized with a simple arrangement at a low cost. 

In this embodiment, the retardation plate 40 is disposed 
between the liquid crystal cell 30 and the polarizing plate 41. 
However, the retardation plate 40 may be disposed between 
the liquid crystal cell 30 and the reflection plate 43. 
As the retardation plate 40, the retardation plate used in 

the fifth embodiment may be used. That is, the apparatus 
may use a retardation plate which satisfies n>nên where 
n is the refractive index in the X-axis direction, which is 
assumed to be equal to the direction of the optical axis of the 
retardation plate, n is the refractive index in the Y-axis 
direction perpendicular to the X-axis direction within a 
plane parallel to the surface of the retardation plate, and n. 
is the refractive index in the Z-axis direction which is the 
direction of thickness. With this arrangement, the visual 
angle dependency is reduced, and a color liquid crystal 
display apparatus having a larger field of angle and a simple 
structure can be obtained. 

Furthermore, the number of retardation plates is not 
limited to one. For example, two retardation plates may be 
respectively disposed on two sides of the liquid crystal cell 
or may be disposed between the liquid crystal cell and the 
polarizing plate. 

Ninth Embodiment 

The arrangement of a color liquid crystal display appa 
ratus of the ninth embodiment is the same as that of the color 
liquid crystal display apparatus of the fourth embodiment in 
FIG. 13 except that the positions of the retardation plate 40 
and the liquid crystal cell 30 are exchanged, and the polar 
izing plate 42 adjacent to the reflection plate 43 is omitted. 
As shown in FIG. 31, a liquid crystal cell 30 is sand 

wiched between a pair of polarizing plates 41 and 49, and a 
retardation plate 40 is disposed between one polarizing plate 
49 and a reflection plate 43. 
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The upper and lower polarizing plates 41 and 49 are 

arranged such that their transmission axes are set to be 
almost perpendicular or parallel to each other. The retarda 
tion plate 40 is arranged such that its optical axis obliquely 
crosses the transmission axis of the adjacent lower polariz 
ing plate 49 at a predetermined angle. 
As shown in FIG. 32, in this embodiment, the lower and 

upperpolarizing plates 49 and 41 are arranged such that their 
transmission axes 49a and 41a are set to be perpendicular to 
each other. 

In addition, the retardation plate 40 is arranged such that 
its optical axis 4.0a obliquely crosses the transmission axis 
49a of the lower polarizing plate 49 at 45°. 

In this liquid crystal display apparatus, external light is 
incident on the liquid crystal cell 30 through the upper 
polarizing plate 41 arranged on the opposite side to the 
reflection plate 43. The light which is incident on the lower 
polarizing plate 49 through the liquid crystal cell 30 is 
transmitted through or absorbed by the lower polarizing 
plate 49 in accordance with the aligned state of the liquid 
crystal molecules of the liquid crystal cell 30. 
The light transmitted through the lower polarizing plate 

49 passes through the retardation plate 40 and is reflected by 
the reflection plate 43. The reflected light is incident on the 
lower polarizing plate 49 again through the retardation plate 
40. The light which is transmitted through the lower polar 
izing plate 49 becomes colored light. 
More specifically, in this liquid crystal display apparatus, 

the polarized state of linearly polarized light which is 
incident on the retardation plate 40 through the lower 
polarizing plate 49 is changed by the polarizing effect of the 
retardation plate 40 in the process of passing through the 
retardation plate 40. In addition, the light is reflected by the 
reflection plate 43 and its polarized state is further changed 
in the process of passing through the retardation plate 40 
again. The light is then incident on the lowerpolarizing plate 
49. Of the incident light, only light components having 
wavelengths corresponding to the transmission axis of the 
lower polarizing plate 49 are transmitted through the lower 
polarizing plate 49 to become colored light. This colored 
light emerges from the front surface side of the liquid crystal 
display apparatus through the liquid crystal cell 30 and the 
upper polarizing plate 41. As a result, a color display 
operation can be performed with a bright color display and 
a dark "black” display. 
The color of light in this color liquid crystal display 

apparatus is determined by a retardation Re of the retarda 
tion plate 40 and the angular difference between the trans 
mission axis 49a of the lower polarizing plate 49 and the 
optical axis 4.0a of the retardation plate 40. Assume that the 
angular difference between the transmission axis 49a of the 
lower polarizing plate 49 and the optical axis 4.0a of the 
retardation plate 40 is 45°. In this case, when the retardation 
of the retardation plate 40 is 450 nm, the display color is 
"blue"; and when the retardation is 550 nm, the display color 
is "green'. 
The above-described color liquid crystal display appara 

tus is of a positive display type, in which the transmission 
axes 49a and 41a of the lower and upper polarizing plates 49 
and 41 sandwiching the liquid crystal cell 30 are set to be 
perpendicular to each other. In this type, a display pattern is 
displayed in "black” in a "blue" or "green” background, and 
the contrast of the display is good. In addition, since no color 
filters are used, a two-color display with a bright black and 
a chromatic color can be obtained. Furthermore, the field of 
angle of this apparatus is larger than that of the eight 
embodiment or the like using one polarizing plate. 
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The liquid crystal display apparatus of the above-de 
scribed embodiment is of a positive display type. However, 
the color liquid crystal display apparatus may be of a 
negative display type, in which the transmission axes 49a 
and 41a of the lower and upper polarizing plates 49 and 41 
sandwiching the liquid crystal cell 30 are set to be almost 
parallel to each other. 

Tenth Embodiment 

A color liquid crystal display apparatus of the tenth 
embodiment has the same arrangement as that of the color 
liquid crystal display apparatus of the eighth embodiment 
except that the retardation plate is replaced with the twisted 
retardation plate used in the fifth embodiment. 
As shown in FIG. 33, a twisted retardation plate 81 is 

disposed between an upper substrate 31 of a liquid crystal 
cell 30 and a polarizing plate 41, and a reflection plate 43 is 
mounted on the lower surface of a lower substrate 32. Other 
arrangements are the same as those of the eight embodiment. 

In the color liquid crystal display apparatus of this 
embodiment, while no voltage is applied to the liquid crystal 
cell 30, linearly polarized light transmitted through the 
polarizing plate 41 becomes elliptically polarized light upon 
transmitting through the twisted retardation plate 81. The 
elliptically polarized light is restored to the linearly polar 
ized light upon transmitting through the liquid crystal cell 
30. Thereafter, the light is reflected by the reflection plate 43 
and becomes elliptically polarized light upon transmitting 
through the liquid crystal cell 30 again. The elliptically 
polarized light is then transmitted through the twisted retar 
dation plate 81 and returns to the polarizing plate 41 as the 
initial linearly polarized light. When a voltage is applied to 
the liquid crystal cell 30, the linearly polarized light trans 
mitted through the polarizing plate 41 returns as elliptically 
polarized light. 
When the light which returns to the polarizing plate 41 is 

the same linearly polarized light as the transmitted light in 
the initial incidence, all wavelength components are trans 
mitted through the polarizing plate 41. As a result, the 
emerging light becomes colorless light. When the light 
which returns to the polarizing plate 41 is elliptically polar 
ized light, only light components having wavelengths cor 
responding to the transmission axis of the polarizing plate 41 
are transmitted through the polarizing plate 41 to emerge 
therefrom. In this case, the emerging light is colored light. 

According to the above-described color liquid crystal 
display apparatus, therefore, transmitted light can be colored 
light without using any color filters, and a sufficiently bright 
color display can be obtained even in a reflection type by 
increasing the transmittance. 

In the above-described color liquid crystal display appa 
ratus, provided that the liquid crystal molecule twist angle of 
the liquid crystal cell 30 is 90°, an intensity I of emerging 
light is expressed by equation ((9): 

(9) 

xi = cos 1 + u12 

2 \ X = cos- 1 + u2. 
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where An is the refractive index anisotropy of the twisted 
retardation plate, d is the thickness of the twisted retarda 
tion plate, An is the refractive index anisotropy of the liquid 
crystal, and d is the liquid crystal layer thickness. 
The light intensity I obtained by equation (9) is almost/2 

the intensity of all wavelength components (visible light) 
incident on the display apparatus when a white display is 
performed, i.e., the emerging light becomes colorless light. 
Therefore, a sufficiently bright display can be obtained. 
when light is to be colored light by using a color filter, the 

display color is determined by the color of the color filter. In 
contrast to this, in the above-described color liquid crystal 
display apparatus, the display color can be changed by 
controlling the voltage applied to the liquid crystal cell 30. 

FIG. 35 is a CIE chromaticity diagram of the above color 
liquid crystal display apparatus. In this case, a value And 
(And in equation (9)) of the twisted retardation plate 81 
and a value An.d (And in equation (9)) of the liquid crystal 
cell 30 are set to be 900 nm, and an angular difference y 
between the transmission axis 41a of the polarizing plate 41 
and a molecule aligning direction 81a of the twisted retar 
dation plate 81 on the polarizing plate 41 side is 45°. 
As shown in the chromaticity diagram of FIG.35, the final 

display color obtained when a voltage is applied to the liquid 
crystal cell 30 to raise/align liquid crystal molecules 38a 
vertically, i.e., the display color obtained when the polariz 
ing effect of the liquid crystal cell 30 is nullified, and 
transmitted light receives only the polarizing effect of the 
twisted retardation plate 81, is "green'. With an increase in 
voltage applied to the liquid crystal cell 30, the display color 
changes in the order of "white' (initial display color), 
"yellow”, “blue", "yellow”, “blue', and “green' (final dis 
play color). 
By controlling the voltage applied to the liquid crystal cell 

30 in this manner, the display color of the above color liquid 
crystal display apparatus can be arbitrarily changed to the 
colors described above. 

In addition, the above color liquid crystal display appa 
ratus is constituted by only four components, i.e., one liquid 
crystal cell 30 having liquid crystal molecules twist-aligned, 
one twisted retardation plate 81, one polarizing plate 41, and 
one reflection plate 43. Therefore, the apparatus can be 
realized with a simple arrangement at a low cost. 

In the above embodiment, the twisted retardation plate 81 
is disposed between the liquid crystal cell 30 and the 
polarizing plate 41. However, the twisted retardation plate 
81 may be disposed between the liquid crystal cell 30 and 
the reflection plate 43. 
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Eleventh Embodiment 

As shown in FIG. 36, a color liquid crystal display 
apparatus is constituted by one TN-type liquid crystal cell 30 
in which liquid crystal molecules are twist-aligned, one 
polarizing plate 41, and one reflection plate 43. The polar 
izing plate 41 is disposed on the front surface side of the 
liquid crystal cell 30, and the reflection plate 43 is disposed 
on the rear surface side of the liquid crystal cell 30. 
The polarizing plate 41 is bonded to the upper surface of 

a substrate (upper surface) 31 on the front surface side of the 
liquid crystal cell 30. The reflection plate 43 is bonded to the 
lower surface of a substrate (lower substrate) 32 on the rear 
surface side of the liquid crystal cell 30. The polarizing plate 
41 is arranged such that its transmission axis obliquely 
crosses the liquid crystal molecule aligning direction of the 
liquid crystal cell 30 on the substrate (upper substrate) 31 
side adjacent to the polarizing plate by a predetermined 
angle. 

Referring to FIG. 37, reference numeral 41a denotes a 
transmission axis of the polarizing plate 41. In this embodi 
ment, an angular difference y between the transmission axis 
41a of the polarizing plate 41 and a liquid crystal molecule 
aligning direction 31a of the liquid crystal cell 30 on the 
substrate 31 side adjacent to the polarizing plate is set to be 
45°. 

This color liquid crystal display apparatus is of a refection 
type, in which light (natural light or light form an illumi 
nation source) which is incident from the front surface side 
of the apparatus is reflected by the reflection plate 43 on the 
rear surface side to perform a display operation. The light 
which is incident from the front surface side passes through 
the polarizing plate 41 and the liquid crystal cell 30 and is 
reflected by the reflection plate 43. The reflected light passes 
through the liquid crystal cell 30 and the polarizing plate 41 
to emerge. In addition, the color liquid crystal display 
apparatus is driven to perform a display operation by apply 
ing a voltage between electrodes 33 and 34 of the two 
substrates 31 and 32 of the liquid crystal cell 30. 

In this color liquid crystal display apparatus, the trans 
mission axis 41a of the polarizing plate 41 is obliquely 
shifted from the liquid crystal molecule aligning direction 
31a of the liquid crystal cell 30 on the substrate 31 side 
adjacent to the polarizing plate by a predetermined angle. 
For this reason, while liquid crystal molecules 38a of the 
liquid crystal cell 30 are twist-aligned, linearly polarized 
light incident on the liquid crystal cell 30 through the 
polarizing plate 41 becomes elliptically polarized light 
owing to the polarizing effect of the liquid crystal cell 30 in 
the process of passing through the liquid crystal cell 30. In 
addition, the light is reflected by the reflection plate 43, and 
the polarized state of the light is further changed in the 
process of passing through the liquid crystal cell 30. As a 
result, the light which has received the polarizing effect of 
the liquid crystal cell 30 twice is incident on the polarizing 
plate 41. 
When a voltage is applied between the electrodes 33 and 

34 of the liquid crystal cell 30, the aligned state of the liquid 
crystal molecules 38a changes from the twist-aligned state 
to a state wherein they are raised/aligned to be perpendicular 
to the surfaces of the substrates 31 and 32. With this change, 
the polarizing effect of the liquid crystal molecules 38a 
changes. Therefore, the light which has received the polar 
izing effect of the liquid crystal cell 30 twice becomes light 
in a polarized state different from that set when no voltage 
is applied, and is incident on the polarizing plate 41. 
When the liquid crystal molecules 38a are raised almost 

vertically, the polarizing effect of the liquid crystal cell 30 is 
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nullified. As a result, the linearly polarized light which is 
incident on the liquid crystal cell 30 through the polarizing 
plate 41 passes through the liquid crystal cell 30, with its 
polarized state remaining the same, and is reflected by the 
reflection plate 43. The reflected light passes through the 
liquid crystal cell 30 again and is incident on the retardation 
plate 40. 

If the reflected light incident on the polarizing plate 41 is 
the same linearly polarized light as that obtained at the time 
of the initial incidence, since all wavelength components are 
transmitted through the polarizing plate 41, the emerging 
light becomes colorless light. If the reflected light incident 
on the polarizing plate 41 is elliptically polarized light, only 
the wavelength components corresponding to the transmis 
sion axis of the polarizing plate 41 are transmitted through 
the polarizing plate 41. As a result, the emerging light 
becomes colored light. 
As described above, according to the above color liquid 

crystal display apparatus, transmitted light can be colored 
light by the simple arrangement constituted by one polariz 
ing plate, one TN-type liquid crystal cell, and one reflection 
plate without using any color filters. Therefore, the optical 
loss caused when light is transmitted through optical ele 
ments can be greatly reduced, and a sufficiently bright color 
display can be obtained even in a refection type. 

In the above color liquid crystal display apparatus, an 
intensity I of light emerging from the apparatus is expressed 
by equation (10): 

cos) \12 I 

–25) - sin2(\1 + 2 cos? N1 + 2 + * 

sin's N 1 + u 

= -- (1+ucos2c) 1. ) 
2C1 +u) 

LAnd 
u = - 
When () is90°, 

2Aid - 

where An is the refractive index anisotropy of the liquid 
crystal, d is the liquid crystal layer thickness, A is the 
wavelength, and () is the twist angle of the liquid crystal 
molecules. 
The light intensity I obtained by equation (10) is almost 

% the intensity of all wavelength components (visible light) 
incident on the display apparatus when a white display is 
performed, i.e., the liquid crystal molecules 38a of the liquid 
crystal cell 30 are raised/aligned vertically and the emerging 
light becomes colorless light. In addition, this light intensity 
I is uniform throughout all wavelength components in the 
visible light region. Therefore, a sufficiently bright display 
can be obtained. 

In the conventional color liquid crystal display apparatus 
using color filters, the display color is determined by the 
color of a color filter. However, in the color liquid crystal 
display apparatus of the above embodiment, colored light 
obtained by the polarizing effect of the liquid crystal cell 30 
can be changed by controlling the voltage applied to the 
liquid crystal cell 30. 
FIG.38 is a CIE chromaticity diagram of the above color 

liquid crystal display apparatus. This diagram shows chro 
maticities obtained when the value And of the liquid crystal 
cell 30 is set to be 900 nm. 
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As shown in this chromaticity diagram, with an increase 
in voltage applied to the liquid crystal cell 30, the display 
color changes from the initial display color, obtained in a 
state wherein no voltage is applied, i.e., the liquid crystal 
molecules 38a are twist-aligned, to “white' as the final 
display color obtained in a state wherein the maximum 
voltage is applied, i.e., the liquid crystal molecules 38a are 
raised/aligned vertically. In this process, several display 
colors having high light intensities I and high color purity 
are obtained. 
More specifically, the initial display color in a state 

wherein no voltage is applied and the liquid crystal mol 
ecules 38a are twist-aligned is “almost white', and the 
display color changes with an increase in voltage in the order 
of “almost white' (initial display color), "green”, “blue', 
"yellow', and "white' (final display color). 
As described above, the color liquid crystal display appa 

ratus can arbitrarily change its display color to the above 
colors by controlling the voltage applied to the liquid crystal 
cell 30. 

In addition, the above-described color liquid crystal dis 
play apparatus is constituted by only three components, i.e., 
one liquid crystal cell 30 having liquid crystal molecules 
twist-aligned, one polarizing plate 41, and one reflection 
plate 43. Therefore, the apparatus can be realized with a 
simple arrangement at a low cost. 

In the above-described embodiment, the angular differ 
ence y between the transmission axis 41a of the polarizing 
plate 41 and the liquid crystal molecule aligning direction 
31a of the liquid crystal cell 30 on the substrate 31 side 
adjacent to the polarizing plate is set to be 45°. This angular 
difference f is not limited to 45° and may be arbitrarily set. 
However, in order to obtain a sufficient color effect by using 
the liquid crystal cell 30, the angular difference f is pref 
erably set to be 45°-5°. 

In the first to tenth embodiments, the angle (angular 
difference) If at which the optical axis of the retardation 
plate three-dimensionally crosses the transmission axis of 
the adjacent polarizing plate is set to be 45°. However, this 
angular difference W is not limited to 45° and may be 
arbitrarily set in accordance with a display color to be 
desired. However, in order to obtain a satisfactory color 
display effect by using the retardation plate, the angular 
difference y is preferably set to be 45°+5°. 

All the apparatuses of the first to eleventh embodiments 
are reflection type display apparatuses. However, the present 
invention is not limited to a reflection type and can be 
applied to a transmission type color liquid crystal display 
apparatus using no reflection plate or a color liquid crystal 
display apparatus using a semi-transmission/reflection plate 
and serving both as a reflection type and a transmission type. 

Additional advantages and modifications will readily 
occur to those skilled in the art. Therefore, the invention in 
its broader aspects is not limited to the specific details, 
representative devices, and illustrated examples shown and 
described herein. Accordingly, various modifications may be 
made without departing from the spirit or scope of the 
general inventive concept as defined by the appended claims 
and their equivalents. 
What is claimed is: 
1. A color liquid crystal display apparatus comprising: 
a pair of substrates having opposing surfaces, electrodes 

respectively formed on the opposing surfaces, and 
aligning films respectively formed to cover said elec 
trodes, said aligning films having undergone aligning 
treatment in predetermined directions; 

no more than a single liquid crystal layer formed between 
said pair of substrates and having liquid crystal mol 
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ecules aligned to be twisted at a twist angle of 80 to 
120° from one substrate to the other substrate; 

a pair of polarizing piates disposed outside said pair of 
substrates to sandwich said substrates and respectively 
having transmission axes for linearly polarizing inci 
dent light; 

a first retardation plate disposed between said pair of 
polarizing plates such that an angle defined by an 
optical axis of said retardation plate, along which a 
refractive index is the maximum in a planar direction of 
said retardation plate, and the transmission axis of an 
adjacent one of said polarizing plates becomes substan 
tially 45°; and 

voltage application means, connected to said electrodes, 
for changing a voltage applied to said liquid crystal 
layer in no less than three steps so as to display no less 
than three colors in accordance with a color selection 
signal and a display signal corresponding to display 
data in order to change a polarized state of light 
transmitted through said liquid crystal layer so as to 
change a color of light transmitted through said polar 
izing plate on an exit side and obtain a display with a 
color in accordance with the color selection signal. 

2. An apparatus according to claim 1, further comprising 
a second retardation plate disposed between said pair of 
polarizing plates. 

3. An apparatus according to claim 2, wherein said second 
retardation plate is disposed between said first retardation 
plate and one of said pair of polarizing plates which is 
adjacent thereto. 

4. An apparatus according to claim 2, wherein said first 
retardation plate is disposed adjacent to one of said sub 
strates, and said second retardation plate is disposed adja 
cent to the other of said substrates. 

5. An apparatus according to claim 1, further comprising 
another polarizing plate, disposed between said retardation 
plate and one of said substrates which is adjacent thereto, for 
displaying at least black. 

6. An apparatus according to claim 1, wherein said 
electrodes formed on one of the opposing surfaces are 
segment electrodes having a shape corresponding to a dis 
play pattern. 

7. An apparatus according to claim 1, further comprising 
pixel electrodes regularly arranged on one of said pair of 
substrates, and thin-film transistors arranged in correspon 
dence with said respective pixel electrodes, each of said 
thin-film transistors having a source electrode connected to 
a corresponding one of said pixel electrodes, a drain elec 
trode connected to a signal line for supplying a display 
signal, and a gate electrode connected to a scanning line for 
Supplying a scanning signal. 

8. A color liquid crystal display apparatus comprising: 
a pair of Substrates having opposing surfaces, electrodes 

respectively formed on the opposing surfaces, and 
aligning films respectively formed to cover said elec 
trodes, said aligning films having undergone aligning 
treatment in predetermined directions; 

a liquid crystal layer formed between said pair of sub 
strates and having liquid crystal molecules aligned to 
be twisted at a twist angle of 80° to 120° from one 
substrate to the other substrate; 

no more than a single polarizing plate disposed outside 
one of said pair of substrates and having a transmission 
axis for linearly polarizing incident light; 

a reflection plate disposed on an opposite side to said 
polarizing plate with respect to said pair of substrates; 
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a first retardation plate disposed between said polarizing 
plate and said reflection plate and having an optical axis 
along which a refractive index is the maximum in a 
planar direction of said retardation plate, said retarda 
tion plate being arranged such that an angle defined by 
the optical axis and a transmission axis of said polar 
izing plate is substantially 45; and 

voltage application means, connected to said electrodes, 
for changing a voltage applied to said liquid crystal 
layer in accordance with a color selection signal and a 
display signal corresponding to display data in order to 
change a polarized state of light which is transmitted 
through said liquid crystal layer before and after reflec 
tion, so as to change a color of light transmitted through 
said polarizing plate and obtain a display with a color 
in accordance with the color selection signal. 

9. An apparatus according to claim 8, further comprising 
a second retardation plate disposed between said polarizing 
plate and said reflection plate. 

10. An apparatus according to claim 9, wherein said 
second retardation plate is disposed between said first retar 
dation plate and said polarizing plate. 

11. An apparatus according to claim 9, wherein said 
second retardation plate is disposed on an opposite side to 
said first retardation plate with respect to said pair of 
Substrates. 

12. An apparatus according to claim 8, further comprising 
another polarizing plate, disposed between said retardation 
plate and one of said substrates which is adjacent thereto, for 
displaying at least black. 

13. An apparatus according to claim 8, wherein said 
electrodes formed on one of the opposing surfaces are 
segment electrodes having a shape corresponding to a dis 
play pattern. 

14. An apparatus according to claim 8, further comprising 
pixel electrodes regularly arranged on one of said pair of 
substrates, and thin-film transistors arranged in correspon 
dence with said respective pixel electrodes, each of said 
thin-film transistors having a source electrode connected to 
a corresponding one of said pixel electrodes, a drain elec 
trode connected to a signal line for supplying a display 
signal, and a gate electrode connected to a scanning line for 
Supplying a scanning signal. 

15. A color liquid crystal display apparatus comprising: 
a pair of substrates having opposing surfaces, electrodes 

respectively formed on the opposing surfaces, and 
aligning films respectively formed to cover said elec 
trodes, said aligning films having undergone aligning 
treatment in predetermined directions; 

a liquid crystal layer formed between said pair of sub 
strates and having liquid crystal molecules aligned to 
be twisted at a twist angle of 80° to 120° from one 
substrate to the other substrate; 

no more than a single polarizing plate arranged outside 
one of said pair of substrates and having a transmission 
axis for linearly polarizing incident light, said polariz 
ing plate being arranged such that an angle defined by 
a direction of an aligning treatment performed with 
respect to said aligning film on said adjacent substrate 
and the transmission axis is substantially 45; 

a reflection plate disposed on an opposite side to said 
polarizing plate with respect to said pair of substrates; 
and 

voltage application means, connected to said electrodes, 
for changing a voltage applied to said liquid crystal 
layer in accordance with a color selection signal and a 
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display signal corresponding to display data in order to 
change a polarized state of light which is transmitted 
through said liquid crystal layer before and after reflec 
tion, so as to change a color of light transmitted through 
said polarizing plate and obtain a display with a color 
in accordance with the color selection signal. 

16. A color liquid crystal display apparatus comprising: 
a pair of Substrates having opposing Surfaces, electrodes 

respectively formed on the opposing surfaces, and 
aligning films respectively formed to cover said elec 
trodes, said aligning films having undergone aligning 
treatment in predetermined directions; 

a liquid crystal layer formed between said pair of sub 
strates and having liquid crystal molecules aligned to 
be twisted at a twist angle of 80° to 120° from one 
substrate to the other substrate; 

a pair of polarizing plates disposed outside said pair of 
substrates to sandwich said substrates and respectively 
having transmission axes for linearly polarizing inci 
dent light; 

a twisted retardation plate, having material molecules 
aligned to be twisted from one surface to the other 
surface, disposed between said pair of polarizing plates 
such that an angle defined by a molecule aligning 
direction of said twisted retardation plate on the surface 
side adjacent to the polarizing plate and the transmis 
sion axis of the adjacent polarizing plate is 45+5; and 

voltage application means, connected to said electrodes, 
for changing a voltage applied to said liquid crystal 
layer in accordance with a color selection signal and a 
display signal corresponding to display data in order to 
change a polarized state of light transmitted through 
said liquid crystal layer so as to change a color of light 
transmitted through said polarizing plate and obtain a 
display with a color in accordance with the color 
selection signal. 

17. An apparatus according to claim 16, further compris 
ing a reflection plate disposed outside one of said pair of 
polarizing plates. 

18. A color liquid crystal display apparatus comprising: 
a pair of substrates having opposing surfaces, electrodes 

respectively formed on the opposing surfaces, and 
aligning films respectively formed to cover said elec 
trodes, said aligning films having undergone aligning 
treatment in predetermined directions; 

a liquid crystal layer formed between said pair of sub 
strates and having liquid crystal molecules aligned to 
be twisted at a twist angle of 80° to 120° from one 
Substrate to the other substrate; 

a polarizing plate disposed outside said pair of substrates 
to sandwich said substrates and having a transmission 
axis for linearly polarizing incident light; 

a twisted retardation plate, having material molecules 
aligned to be twisted from one surface to the other 
surface, disposed between said pair of polarizing plates 
such that an angle defined by a molecule aligning 
direction of said twisted retardation plate on the surface 
side adjacent to the polarizing plate and the transmis 
sion axis of the adjacent polarizing plate is 455; and 

voltage application means, connected to said electrodes, 
for changing a voltage applied to said liquid crystal 
layer in accordance with a color selection signal and a 
display signal corresponding to display data in order to 
change a polarized state of light which is transmitted 
through said liquid crystal layer before and after reflec 
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tion so as to change a color of light transmitted through 
said polarizing plate and obtain a display with a color 
in accordance with the color selection signal. 

19. A color liquid crystal display apparatus comprising: 
a pair of substrates having opposing surfaces, segment 

electrodes formed on one surface, common electrodes 
formed on the other surface, and aligning films respec 
tively formed to cover said electrodes, said aligning 
films having undergone aligning treatment in predeter 
mined directions; 

a liquid crystal layer formed between said pair of sub 
strates and having liquid crystal molecules aligned to 
be twisted at a twist angle of 80° to 120° from one 
substrate to the other substrate; 

a pair of polarizing plates disposed outside said pair of 
substrates to sandwich said substrates and respectively 
having transmission axes for linearly polarizing inci 
dent light; 

a retardation plate disposed between said pair of polariz 
ing plates such that an angle defined by an optical axis 
of said retardation plate, along which a refractive index 
is the maximum in a planar direction of said retardation 
plate, and the transmission axis of an adjacent one of 
said polarizing plates becomes 45°+5; and 

voltage application means, connected to said segment 
electrodes and said common electrodes, for changing a 
voltage applied to said liquid crystal layer to change a 
polarized state of light transmitted through said liquid 
crystal layer so as to change a color of light transmitted 
through said polarizing plate on an exit side, said 
voltage application means including driving voltage 
generating means for generating a plurality of voltages 
having different magnitudes, color selection signal gen 
erating means for generating a color selection signal in 
accordance with display data, display signal generating 
means for generating a display signal corresponding to 
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the display data, and display driving means for select 
ing a driving voltage in accordance with the color 
selection signal and forming a driving waveform by 
using the display signal and the selected driving volt 
age. 

20. A color liquid crystal display apparatus comprising: 
a pair of substrates having opposing surfaces, segment 

electrodes formed on one surface, common electrodes 
formed on the other surface, and aligning films respec 
tively formed to cover said electrodes, said aligning 
films having undergone aligning treatment in predeter 
mined directions; 

a liquid crystal layer formed between said pair of sub 
strates and having liquid crystal molecules aligned to 
be twisted at a twist angle of 80° to 120° from one 
substrate to the other substrate; 

a polarizing plate disposed outside one of said pair of 
substrates and having a transmission axis for linearly 
polarizing incident light; 

a reflection plate disposed on an opposite side to said 
polarizing plate with respect to said pair of substrates; 

a retardation plate disposed between said polarizing plate 
and said reflection plate and having an optical axis 
along which a refractive index is the maximum in a 
planar direction of said retardation plate, said retarda 
tion plate being arranged such that an angle defined by 
the optical axis and a transmission axis of said polar 
izing plate is 45°-5°; and 

voltage application means, connected to said segment 
electrodes and said common electrodes, for changing a 
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voltage applied to said liquid crystal layer to change a 
polarizing state of light transmitted through said liquid 
crystal layer so as to change a color of light transmitted 
through said polarizing plate on an exit side, said 
voltage application means including driving voltage 
generating means for generating a plurality of voltages 
having different magnitudes, color selection signal gen 
erating means for generating a color selection signal in 
accordance with display data, display signal generating 
means for generating a display signal corresponding to 
the display data, and display driving means for select 
ing a driving voltage in accordance with the color 
selection signal and forming a driving waveform by 
using the display signal and the selected driving volt 
age. 

21. A color liquid crystal display apparatus comprising: 
a pair of substrates having opposing surfaces, electrodes 

respectively formed on the opposing surfaces, and 
aligning films respectively formed to cover said elec 
trodes, said aligning films having undergone aligning 
treatment in predetermined directions; 

no more than a single liquid crystal layer formed between 
said pair of substrates and having liquid crystal mol 
ecules aligned to be twisted at a twist angle of 80° to 
120° from one substrate to the other substrate; 

a pair of polarizing plates disposed outside said pair of 
substrates to sandwich said substrates and respectively 
having transmission axes for linearly polarizing inci 
dent light; 

a first retardation plate disposed between said pair of 
polarizing plates such that an angle defined by an 
optical axis of said retardation plate, along which a 
refractive index is the maximum in a planar direction of 
said retardation plate, and the transmission axis of an 
adjacent one of said polarizing plates is becomes sub 
stantially 45; 

a reflection plate disposed outside one of said pair of 
polarizing plates; and 

voltage application means, connected to said electrodes, 
for changing a voltage applied to said liquid crystal 
layer in no less than three steps so as to display no less 
than three colors in accordance with a color selection 
signal and a display signal corresponding to display 
data in order to change a polarized state of light 
transmitted through said liquid crystal layer before and 
after reflection so as to change a color of light trans 
mitted through said polarizing plate and obtain a dis 
play with a color in accordance with the color selection 
signal. 

22. An apparatus according to claim 21, further compris 
ing a second retardation plate disposed between said pair of 
polarizing plates. 

23. An apparatus according to claim 21, further compris 
ing pixel electrodes regularly arranged on one of said pair of 
substrates, and thin-film transistors arranged in correspon 
dence with said respective pixel electrodes, each of said 
thin-film transistors having a source electrode connected to 
a corresponding one of said pixel electrodes, a drain elec 
trode connected to a signal line for supplying a display 
signal, and a gate electrode connected to a scanning line for 
Supplying a scanning signal. 

24. A color liquid crystal display apparatus comprising: 
a pair of substrates having opposing surfaces, electrodes 

respectively formed on the opposing surfaces, and 
aligning films respectively formed to cover said elec 
trodes, said aligning films having undergone aligning 
treatment in predetermined directions; 
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a liquid crystal layer formed between said pair of sub 
strates and having liquid crystal molecules aligned to 
be twisted at a twist angle of 80 to 120° from one 
substrate to the other substrate; 

a pair of polarizing plates disposed outside said pair of 
substrates to sandwich said substrates and respectively 
having transmission axes for linearly polarizing inci 
dent light; 

a retardation plate disposed between said pair of polariz 
ing plates such that an angle defined by an optical axis 
of said retardation plate, along which a refractive index 
is the maximum in a planar direction of said retardation 
plate, and the transmission axis of an adjacent one of 
said polarizing plates is 45°-5°; and 

voltage application means, connected to said electrodes, 
for changing a voltage applied to said liquid crystal 
layer to change a polarized state of light transmitted 
through said liquid crystal layer so as to change a color 
of light transmitted through said polarizing plate on an 
exit side, said voltage application means including 
color selection signal generating means for generating 
a color selection signal in accordance with display data, 
display signal generating means for generating a dis 
play signal corresponding to the display data, and 
display driving means for forming a driving waveform 
by using the display signal and the color selection 
signal. 

25. A color liquid crystal display apparatus comprising: 
a pair of substrates having opposing surfaces, electrodes 

respectively formed on the opposing surfaces, and 
aligning films respectively formed to cover said elec 
trodes, said aligning films having undergone aligning 
treatment in predetermined directions; 

a liquid crystal layer formed between said pair of sub 
strates and having liquid crystal molecules aligned to 
be twisted at a twist angle of 80° to 120° from one 
substrate to the other substrate; 

a single polarizing plate disposed outside one of said pair 
of substrates and having a transmission axis for linearly 
polarizing incident light; 

a reflection plate disposed on an opposite side to said 
polarizing plate with respect to said pair of substrates; 

a retardation plate disposed between said polarizing plate 
and said reflection plate and having an optical axis 
along which a refractive index is the maximum in a 
planar direction of said retardation plate, said retarda 
tion plate being arranged such that an angle defined by 
the optical axis and a transmission axis of said polar 
izing plate is 45°-5; and 

voltage application means, connected to said electrodes, 
for changing a voltage applied to said liquid crystal 
layer to change a polarized state of light transmitted 
through said liquid crystal layer so as to change a color 
of light transmitted through said polarizing plate on an 
exit side, said voltage application means including 
color selection signal generating means for generating 
a color selection signal in accordance with display data, 
display signal generating means for generating a dis 
play signal corresponding to the display data, and 
display driving means for forming a driving waveform 
by using the display signal and the color selection 
signal. 

26. A color liquid crystal display apparatus comprising: 
a pair of substrates having opposing surfaces, electrodes 

respectively formed on the opposing surfaces, and 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

46 
aligning films respectively formed to cover said elec 
trodes, said aligning films having undergone aligning 
treatment in predetermined directions; 

a liquid crystal layer formed between said pair of sub 
strates and having liquid crystal molecules aligned to 
be twisted at a twist angle of 80° to 120° from one 
substrate to the other substrate; 

a pair of polarizing plates disposed outside said pair of 
substrates to sandwich said substrates and respectively 
having transmission axes for linearly polarizing inci 
dent light; 

a retardation plate disposed between said pair of polariz 
ing plates such that an angle defined by an optical axis 
of said retardation plate, along which arefractive index 
is the maximum in a planar direction of said retardation 
plate, and the transmission axis of an adjacent one of 
said polarizing plates becomes 45°E5, said retardation 
plate Satisfying n>nz>ny wherein nx n and n2 are 
refractive indexes in the optical axis direction, a direc 
tion perpendicular thereto in a planar direction of said 
retardation plate, and a direction of thickness, respec 
tively; and 

voltage application means, connected to said electrodes, 
for changing a voltage applied to said liquid crystal 
layer in accordance with a color selection signal and a 
display signal corresponding to display data in order to 
change a polarized state of light transmitted through 
said liquid crystal layer so as to change a color of light 
transmitted through said polarizing plate on an exit side 
and obtain a display with a color in accordance with the 
color selection signal. 

27. A color liquid crystal display apparatus comprising: 
a pair of substrates having opposing surfaces, electrodes 

respectively formed on the opposing surfaces, and 
aligning films respectively formed to cover said elec 
trodes, said aligning films having undergone aligning 
treatment in predetermined directions; 

a liquid crystal layer formed between said pair of sub 
strates and having liquid crystal molecules aligned to 
be twisted at a twist angle of 80° to 120° from one 
substrate to the other substrate; 

a polarizing plate disposed outside one of said pair of 
substrates and having a transmission axis for linearly 
polarizing incident light; 

a reflection plate disposed on an opposite side to said 
polarizing plate with respect to said pair of substrates; 

a retardation plate disposed between said polarizing plate 
and said reflection plate and having an optical axis 
along which a refractive index is the maximum in a 
planar direction of said retardation plate, said retarda 
tion plate being arranged such that an angle defined by 
an optical axis and a transmission axis of said polar 
izing plate is 455, said retardation plate satisfying 
n>nzen wherein n n and n2 are refractive indexes 
in the optical axis direction, a direction perpendicular 
thereto in a planar direction of said retardation plate, 
and a direction of thickness, respectively; and 

voltage application means, connected to said electrodes, 
for changing a voltage applied to said liquid crystal 
layer in accordance with a color selection signal and a 
display signal corresponding to display data in order to 
change a polarized state of light which is transmitted 
through said liquid crystal layer before and after reflec 
tion, so as to change a color of light transmitted through 
said polarizing plate and obtain a display with a color 
in accordance with the color selection signal. 
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28. A color liquid crystal display apparatus comprising: 
a pair of substrates having opposing surfaces, electrodes 

respectively formed on the opposing surfaces, and 
aligning films respectively formed to cover said elec 
trodes, said aligning films having undergone aligning 
treatment in predetermined directions; 

a liquid crystal layer formed between said pair of sub 
strates and having liquid crystal molecules aligned to 
be twisted at a twist angle of 80° to 120° from one 
substrate to the other substrate; 

a pair of polarizing plates disposed outside said pair of 
substrates to sandwich said substrates and respectively 
having transmission axes for linearly polarizing inci 
dent light; 

a retardation plate disposed between said pair of polariz 
ing plates such that an angle defined by an optical axis 
of said retardation plate, along which a refractive index 
is the maximum in a planar direction of said retardation 
plate, and the transmission axis of an adjacent one of 
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said polarizing plates becomes 45°+5°, said retardation 
plate Satisfying n>n2ny wherein nx, ny and n2 are 
refractive indexes in a direction of the optical axis, a 
direction perpendicular thereto in a planar direction of 
said retardation plate, and a direction of thickness, 
respectively; and 

a reflection plate disposed outside one of said pair of 
polarizing plates; 

voltage application means, connected to said electrodes, 
for changing a voltage applied to said liquid crystal 
layer in accordance with a color selection signal and a 
display signal corresponding to display data in order to 
change a polarized state of light transmitted through 
said liquid crystal layer before and after reflection so as 
to change a color of light transmitted through said 
polarizing plate and obtain a display with a color in 
accordance with the color selection signal. 


